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New Holley 


turboprop 
power control 


installed in Lockheed R7V-2 


One hundred and six passengers 
or 36,000 pounds of cargo cruise 
at speeds up to 440-miles-per- 
hour in the Navy’s new Lockheed 
R7V-2 turboprop Super Constel- 
lation. Four Pratt & Whitney 
Aircraft axial flow T-34 propeller 
turbine engines develop a total 
of 22,000 horsepower for take-off. 
Each of the four is automatically 
controlled by a new Holley gas 


turbine power control. 


High performance turboprop 
engines like the T-34 demand 


extreme accuracy in fuel meter- 
ing to maintain their high per- 
formance ratings and at the same 
time control operation within 
satisfactory limits. Through a 
system of accurately measuring 
four separate senses, the Holley 
control automatically meters 
corrected fuel flows to the engine 
in accordance with the engine 
operating requirements. 


The Holley gas turbine control 
is the result of intensive research 
and development to provide a 


light weight, compact means of 


accurately metering fuel consist- 
ent with engine requirements. 


This and other Holley devel- 
oped fuel metering devices have 
played an important role in our 
country’s undisputed leadership 
in the design, development and 
manufacture of superior aircraft. 


VAN DYKE, MICHIGAN 


Leader In The Design, Development, 
and Manufacture of Aviation Fuel 
Metering Devices. 
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1.A.S. News Notes 


May 1955 


INTERNATIONAL CONFERENCE OPENS JUNE 20 


The Fifth International Aeronautical Conference,a joint meeting of the RAeS 
and IAS, will open Monday morning, June 20,at 9:45, with registration start- 
ing at 9:00 a.m, in the IAS Building, 7660 Beverly Blvd., Los Angeles. 


* OK KK 


TWO FELLOWSHIPS AWARDED AT PRINCETON 


The IAS has awarded Fellowships in Flight Test Engineering, contributed by 
an anonymous donor, to William B, Browne, a senior at North Carolina State 
College, and Warren J. North, an aeronautical research scientist and pilot 
at Lewis Flight Propulsion Laboratory, NACA. The Fellowships permit two 
years of graduate study at Princeton University. 


OK 


IAS WESTERN STUDENT CONFERENCE 


The Fifth Annual Western Regional Student C onference, sponsored by the IAS, 
will be held in Los Angeles May 11-13. Students from U.C.L.A., Gal Tech, 
University of Southern California, Northrop Aeronautical Institute, University 
of Washington, Stanford, the Naval Post Graduate School, and Oregon State 
will presenttechnical papers,andawards will be given at a banquet in the IAS 
building Friday evening, May 13. 


KOK OK 


NATIONAL MEETINGS CALENDAR 


May 9-11 National Conference on Aeronautical Electronics, Hotel Biltmore, 
Dayton, Ohio. 

May 18-20 National Telemetering Conference, Hotel Morrison, Chicago. 

June 20-23 Fifth International Aeronautical Conference, IAS Building, 7660 
Beverly Blvd., Los Angeles, California, 

June 23-25 Heat Transfer and Fluid Mechanics Institute, UCLA, Los Angeles. 

Aug. 8-10 Turbine-Powered Air Transportation Meeting, Seattle, Wash. 


CALENDAR OF SECTION MEETINGS 


May 4- Philadelphia Section: Skyview Dining Room, Philadelphia Interna- 
tional Airport. Social Period, 6:30 p.m.; Dinner, 7:00 p.m. ; Meet- 
ing, 8:00 p.m. "Operations Research in Military Aviation" by Leroy 
A. Brothers, Head, Operations Analysis Div., Hdqs., USAF. 

May 5 - St. Louis Section: Gatesworth Hotel. Dinner Meeting with SAE, 
8:00 p.m. Mayor Raymond R. Tucker will speak. 
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May 5- 


10- 


June 4- 


June 4- 


June 14- 


CALENDAR OF SECTION MEETINGS (CON'T, ) 


San Diego Section: IAS Building. Meeting, 8:00 p.m. ''Powered 
Flight Controls'' by Mr. Chapman, Convair-San Diego. 

Los Angeles Section: IAS Building. Specialist Meeting, 8:00 p.m, 
"Analytical Prediction of Missile Guidance Accuracy" by Warren E, 
Mathews, Senior Staff Physicist, Hughes Aircraft Company. 
Niagara Frontier Section: Airways Hotel, Buffalo Airport. Dinner, 
7:45 p.m. 'Island-Hopping in the Antilles" by Robert M. Stanley, 
Washington Section: International Room, Occidental Restaurant, 
Social Hour, 6:00 p.m.; Dinner, 6:45 p.m.; Meeting, 8:00 p.m, 
"Private Aviation"' by J. B. Hartranft; ''Business Aviation" by J.H. 
DuBuque; "Agricultural Aviation"! by J. R. Allgyer. 

San Diego Section: IAS Building. Annual Spring Dance, 9:00 p.m, 
SeattleSection: Benjamin Franklin Hotel, Dinner Meeting, 6:00 p.m, 
"Operational Factors of Jet Transports" by R. D. Kelly, Superin- 
tendent of Technical Development, United Air Lines. 

Los Angeles Section: IAS Building. Social Hour, 6:00 p.m. ; Dinner, 
7:00 p.m.; Meeting, 8:15 p.m. ''The Problem of Weightlessness" 
by Heinz Haber, Associate Physicist, Dept. of Engineering, UCLA. 
Twin Cities Section: Worwa's Cafe. Social Hour, 6:00 p.m.; Dinner, 
6:45 p.m.; Meeting, 8:00 p.m. Talk by H. Guyford Stever, Chief 
Scientist, USAF. 

Indianapolis Section: Athenaeum Turners Glub, Social Hour, 6:30 


p.-m.; Dinner Meeting, 7:00 p.m. "A for Atom" by T. N, Darley, 
General Electric Company. 

Los Angeles Section: IAS Building. Specialist Meeting, 8:00 p.m, 
"Predicting Transition in Incompressible Flow" by A, M. O. Smith, 
Supervisor, Aerodynamic Research, Douglas Aircraft-El Segundo, 
Dayton Section: Cordell's Supper Club, Fairborn. Dinner, 6:30 


p.m.; Technical Discussion, 7:30 p.m. ''Pilot vs Computer" by 
Capt. Neil R. Burch, USAF, Aero Medical Laboratory, WADC. 
St. Louis Section: Engineers Club. Meeting, 8:00 p.m, Panel dis- 
cussion on new air frame construction methods and techniques, 
San Francisco Section: Ramor Oaks, Atherton. Meeting, 7:00 p.m, 
Subject, the Convair VTO airplane, 

Hampton Roads Section: Newport News Shipyard. Tour of the USS 
Forrestal with other engineering groups, 10:00-12:00 a.m, In the 
evening, Dinner Dance at Williamsburg Lodge, 6:30 p.m. 

Los Angeles Section: Confidential Field Trip to Jet Propulsion Lab- 
oratory, Pasadena, 10:30 a.m, 

New York Section: Port Washington, L. I. Tour of U. S. Navy's 
Special Devices Center, Sands Point, 12:00 noon. Picnic lunch, 
Los Angeles Section: IAS Building. Specialist Meeting, 8:00 p.m. 
"Boost Period Launching Error'' by William M. Bleakney, Senior 
Staff Physicist, Hughes Aircraft Company. 
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IAS News 


A Record of People and Events 
of Interest to Institute Members 


Fifth RAeS-IAS Conference 


Technical Sessions on June 20-22. 
Bane and Chanute Awards Presented June 23. 


of the Aeronautical 


Ts FirTtTH INTERNATIONAL AERONAUTICAL 


Royal 


Society the 


CONFERENCE, a joint meeting 
Institute of the Aero 


nautical Sciences, will open on June 20, 1955, at the IAS building, 7660 Beverly 


Blvd., Los Angeles. Welcoming ad- 
dresses will be delivered at this time by 
RAeS President Norbert Edward Rowe, 
FIAS, Technical Director, Blackburn 
& General Aircraft, Ltd., England, and 
by IAS President Robert E. Gross, 
AMIAS, President and Chairman of 
the Board, Lockheed Aircraft Corpora- 
tion. 

Eight technical sessions have been 
planned for this RAeS-IAS conference 
two on the twentieth, three on the 
twenty-first, and three more on the 
twenty-second. At press time, a total 
of 18 papers had been scheduled for 
presentation at the sessions. Nine of 
these papers will be given by the British 
delegates, one by a Canadian, and the 
tfemaining eight by American delegates. 

The nine British papers and_ their 
authors are: 


N. E. Rowe 
RAeS President 


“Operation of Turbo-Prop Aircraft” 
by P. G. Masefield, Chief Executive, 
British European Airways; ‘‘Power 
Plants for Supersonic Flight”’ by E. S. 
Moult, Chief Engineer, The de Havil 
land Engine Company, Ltd.; “Low 
Consumption Jet Engines’’ by A. A. 
Lombard, Chief Projects, Rolls-Royce 
Limited; ‘Interaction Between Shock 
Waves and Boundary Layers and Its 
Effects in High-Speed Flight” by D. W. 
Holder, Wind Tunnels, National Physi- 
cal Laboratory; ‘‘Boundary Laver Ef 
fects in Supersonic Flow’ by R. J. 
Monaghan, Royal Aircraft Establish- 
ment; “Some Influences of Equipment 
Installations and Systems on Aircraft 
Design’ by C. F. Joy, Chief Designer, 
Handley Page, Limited; ‘Impact of 
Fatigue on Civil Aviation” by P. B. 
Walker, Head of Structures, RAE; 
“Jet Noise’ by F. B. Greatrex, Chief 
Development Engineer, Installation Di- 
vision, Rolls-Royce; and ‘‘Some Mod- 
ern Structural Problems’ by W. S. 
Hemp, Head, Department of Aircraft 
Design, and Professor, Aircraft Struc- 
tures and Aero-Elasticity, College of 
Aeronautics, Cranfield. 

The single Canadian paper, which will 
be on ‘‘Shock Tubes,” will be delivered 
by G. N. Patterson, Director, Institute 
of Aerophysics, and Head, Department 
of Aeronautical Engineering, University 
of Toronto. 

The eight American papers and their 
authors are: 

“Combustion for Aircraft Engines’’ 
by W. T. Olson, Lewis Flight Propul- 
sion Laboratory, NACA; ‘The Vari- 
able Stator Engine’ by C. J. Walker, 
Manager, Preliminary Design, and Ger- 
hard Neumann, Manager, Develop- 
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ment Engineering, Aircraft Gas Tur- 
bine Division, General Electric Com- 
pany; “Design of High-Speed Air- 
craft’’ by E. H. Heinemann, Chief En- 
gineer, El Segundo Division, Douglas 
Aircraft Company, Inc.; ‘‘Power Con- 
trol Systems for Aircraft’? by John L. 
Ludwig, Staff Engineer, Controls and 
Hydraulics, Chance Vought Aircraft, 
Incorporated; ‘‘Hypersonic Flow” by 
Lester Lees, Associate Professor, Aero- 
nautics and Applied Mechanics, Cali- 
fornia Institute of Technology; ‘Design 
of Large Helicopters’ by Bartram Kel- 
ley, Chief Engineer, Helicopter Divi- 
sion, Bell Aircraft Corporation; ‘“‘Air- 
line Use of Elementary Statistical Meth- 
ods in Aircraft Performance Measure- 
ment” by W. C. Mentzer, General 
Manager—Engineering, United Air 
Lines, Inc.; and ‘Some Results from 
the Princeton University Smoke Tun- 
nels’ by David C. Hazen, Assistant 
Professor, Department of Aeronautical 
Engineering, Princeton University. 
The Thurman H. Bane and The Oc- 
tave Chanute awards for 1954 will be 
presented to the respective recipients at 
the dinner-dance to be held on June 23 
at the Palladium in Los Angeles. There 
will be no speaker on this occasion, only 
short talks by the RAeS-IAS presidents. 


R. E. Gross 
IAS President 
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Brooklyn Poly Welcomes Students at Northeastern Regional 


The Polytechnic Institute of Brook- 
lyn entertained students from colleges 
all over the east coast who were attend- 
ing the IAS Third Northeastern Regional 
Student Conference on February 25 and 
26. 

The colleges represented at the con- 
ference were the University of Mary- 
land, Princeton University, Massachu- 
setts Institute of Technology, U.S. 
Naval Academy, Rensselaer Institute of 
Technology, and Polytechnic Institute 
of Brooklyn. The faculty advisers of 
the Student Branches, Prof. Lawrence 
A. Guess of the University of Maryland 
and Prof. Joseph Kempner of the Poly- 
technic Institute of Brooklyn, also at- 
tended the conference. The staff of the 
Institute of the Aeronautical Sciences 
was represented at the gathering by 
Miriam E. Hauser. 

The purpose of the student conference 
is to give graduate and undergraduate 
students the opportunity to compete for 


awards and recognition for original 
papers. This conference is held an- 


nually in different schools. This year, 
Brooklyn Poly was chosen to be the host 
since the college is celebrating its Cen- 
tennial. 

Registration for the conference began 
at 9:30a.m. on Friday, the twenty-fifth. 
The visiting students were welcomed by 
the officers of the Brooklyn Poly Stu- 
dent Branch and introduced to the 
other students and instructors who were 
present. 

Later in the morning, the group as- 
sembled in the student lounge, and the 
conference formally began. Louis Di- 
vone, the Chairman of Poly’s IAS 
Branch, made a short welcoming speech 
and then introduced the first speaker, 


Student Conference 


the President of Brooklyn Poly, Harry 
Rogers. 

President Rogers spoke to the group 
about the engineer’s part in our civiliza- 
tion and the goals for which an engineer 
should strive. He said that, as a young 
engineer, he had believed that the na- 
ture of our civilization was based on 
technological advances; as he became 
more experienced, he found out ‘‘the 
great problems of the world are not 
solved on a slide rule.”” He then said 
that the technical areas have supplied 
the means for human ends, and as an 
example, he stated that the great free- 
doms of the world are now protected by 
the slide rule. In summary, President 
Rogers said that the engineer must have 
an understanding of the human aspects 
of life as well as the goals of his work. 

The next speaker was Nicholas J. 
Hoff, Chairman of the Department of 
Aeronautical Engineering and Applied 
Mechanics, Polytechnic Institute of 
Brooklyn, who spoke about some of the 
research work being done in the school. 
Hoff opened his talk by giving a tribute 
to the IAS; he said, ‘‘The Institute of 
Aeronautical Sciences is one of the best 
established and best endowed engineer- 
ing organizations in this country, even 
though it is one of the youngest.”’ In 
his subsequent discussion of research at 
Brooklyn Polytech, he mentioned stud- 
ies in high-temperature creep being car- 
ried on in a small laboratory in school 
and probings into the field of supersonic 
aerodynamics at the laboratory in Free- 
port Li 

At the conclusion of the speeches, 
Chairman Louis Divone supervised the 
selection of a board of judges from 


Shown at the Awards Banquet during the Third Northeastern Regional Student Conference 


is a part of the speakers table. 


From left to right are: 
J. Meskel, Nicholas J. Hoff, Richard W. Porter, Louis Divone, and Joseph Kempner. 


Martin Bloom, Paul A. Libby, Thomas 
This 


conference was hosted by the Polytechnic Institute of Brooklyn on February 25-26, 1955. 


among the students to vote on the g& 
cellence of the students’ papers. 

The first undergraduate paper wy 
presented by Forman Williams ¢ 
Princeton University. His talk wy 
about the calibration of a recently bu 
wind tunnel at Princeton. The tunnj 
he described is a dual-purpose setup jy 
which the same power supply and fanj 
used to operate both a two-dimension, 
and a three-dimensional test section 
He showed slides of the tunnel and ge. 
plained how the duality was accom. 
plished. There are three legs to the 
tunnel: the center houses the fan, on 
side is a two-dimensional test section, 
and the other a three-dimensional see. 
tion. The flow is diverted into either 
one or the other test leg by an adjust. 
able turning vane section. In his dis. 
cussion of the calibration, he explained 
the use of an ordinary doctor’s stetho- 
scope for qualitatively determining tur- 
bulent portions of the flow in the tunnel, 

The next paper was presented by 
Frank Schlee of the Polytechnic Insti- 
tute of Brooklyn. He spoke on the 
problems in the use of strain gages at 
rapidly changing high temperatures, 
Schlee said that aerodynamic heating at 
high speed induces thermal shock stress 
in aircraft structures and that measuring 
these stresses is a goal engineers are 
striving for now. At present the prob- 
lem seems unsurmountable because no 
means are available which can inter- 
pret the rapid changes in stress and 
temperature, both of which affect the 
resistance of the strain-gage wire. 

The third paper was presented jointly 
by Roger Barron and Huston Landis of 
Princeton University. They contended 
that it is possible to solve the problems 
connected with the canard airplane and 
make this aircraft completely practical. 
They said that the main difficulty with 
this design, in which the tail is forward 
of the wing, is that if the tail stalls out, 
the plane becomes completely uncon- 
trollable. Their solution to this prob- 
lem is to use a stabilizer having a very 
large lift coefficient. To achieve this, 
they designed a delta plan-form wing 
incorporating two boundary-layer con- 
trol devices and tested it in a smoke tun- 
nel. The results of their tests indicated 
that there is considerable increase in lift 
when using boundary-layer control. 

In the afternoon, graduate papers 
were presented. The first paper was 
given by Earl W. Erickson of M.LT., 
and was entitled “Study of Invariant 
Parameters for Cruise Control Tech- 
niques to Obtain Maximum Range 
for Turbojet Aircraft.’’ Erickson pro- 


(Continued on page 122 
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Aerophysics Development 
Corporation Joins [AS 


Aerophysics Development Corpora- 
tion, of Pacific Palisades, Calif., has 
joined the IAS as a Corporate Member. 


Recently acquired by Studebaker- 
packard Corporation as a wholly-owned 
subsidiary, the firm has specialized in 
development work on guided missiles. 
It also is equipped to handle broad de- 
velopment work in the whole area of aero- 
physics, according to company officials. 


The acquisition represents a major 
step by Studebaker-Packard into the 
field of scientific research and develop- 
ment, giving the parent corporation an 
organization of engineers and scientists 
working on the basic development of key 
defense items. The subsidiary has a 
staff of about 200. It holds possibili- 
ties for future work of pioneering im- 
portance in commercial fields as well as 
in defense, officials said, but the imme- 
diate emphasis will be placed on defense 
work. 


William Bollay, FIAS, who founded 
Aerophysics Development Corporation 
in 1951, continues as President. He is 
a member of the Air Force Scientific 
Advisory Board. 


IAS NEWS 


Before starting his own company, 
Bollay headed the Aerophysics Labora- 
tory of North American Aviation, Inc. 
He delivered the Wright Brothers Lec- 
ture in 1950, speaking on ‘‘Aerodynamic 
Stability and Automatic Control.” 


Wichita Univ. Presents Boundary 
Layer Control Course 


An intensive and classified course on 
boundary-layer control will be offered 
on June 13-24 at the University of 
Wichita. This is believed to be the 
first formal course on this subject to be 
given at any university. 

The primary purpose of this course is 
to review the boundary-layer theories 
and to present the design procedures for 
the application of boundary-layer con- 
trol which are now available. The 
“case’’ method will be used with partic- 
ular applications being outlined, specific 
results identified, and general conclu- 
sions reached for similar cases. 

Each person taking this course—only 
30 will be permitted to enroll—must be 
competent in aerodynamics and fluid 
mechanics. He is expected either to 
hold a degree in aeronautical or mechani- 
cal engineering or to present records that 
indicate a satisfactory background both 
as to experience and education. 


News of Members 


»>H. Norman Abramson (M), As- 
sociate Professor of Aeronautical En- 
gineering, The Agricultural and Me- 
chanical College of Texas, has been 
appointed an Associate Editor of 
Applied Mechanics Reviews. 

Louis G. Dunn (F), Associate Di- 
rector, Guided Missile Division, The 
Ramo-Wooldridge Corporation, was 
awarded a Certificate of Appreciation 
by the Department of the Army for 
his work in missile ordnance, including 
development and completion of the 
Army’s surface-to-surfaee guided mis- 
sie, the Corporal. The citation, 
signed by Secretary of the Army Ro- 
bert T. Stevens, honored Dunn for his 
work from 1947 to 1954 as Director of 
the Jet Propulsion Laboratory, oper- 
ated for the Army by California In- 
stitute of Technology. 

>Major Lester D. Gardner, IAS 
Founder, Honorary Fellow, and Bene- 
factor, has been associated with Flight 
Safety Foundation, Inc., and during 
the absence of its President, Adm. 
John H. Towers, USN (Ret.), Major 
Gardner has assumed some of the 
President’s functions. 

> John J. Green (F), Chief, Division 
“B” (armaments and aeronautics), 
Defence Research Board, Canada, and 
irst President, Canadian Aeronautical 


Institute, takes over the post of De- 
fence Research Member, Canadian 
Joint Staff, Washington, D.C., this 
summer. Among his chief duties will 
be the promotion and maintenance of 
an increasing flow of scientific infor- 
mation about defense projects be- 
tween Canada and the United States, 
particularly in the fields of aircraft and 
guided weapons. 

> R. R. Higginbotham (AF), Chief 
Power Plant Engineer, Republic Avia- 
tion Corporation, has been placed in 
charge of power plant design on all 
projects. This change is part of a 
move at Republic to facilitate the en- 
gineering of aircraft subsystems. 


» Dr. Barry G. King (M), Research 
Executive, Medical Division, Office of 
Aviation Safety, CAA, was the recipi- 
ent of the Exceptional Service Award. 
This gold medal was given ‘‘for ex- 
ceptional and extremely valuable ac- 
complishments in the field of avia- 
tion safety through medical research, 
through designs of safety devices for 
exit and escape from ditched aircraft, 
and through noteworthy contributions 
to aviation medical literature and 
medical training programs.” 

> James S. McDonnell (F), Presi- 
dent, McDonnell Aircraft Corpora- 
tion, was recently named the 1955 


Harold R. Larsen, MIAS, Vice-President 
of Servomechanisms, Inc., has been given 
added responsibilities as General Manager 


of the company's Eastern and Western 
Divisions. 1938 graduate of the Uni- 
versity of Minnesota, he is in charge of sales, 
engineering, and production. 


Chairman of the United States Com- 
mittee for the United Nations by 
Secretary of State John Foster Dulles. 
One purpose of this committee is to 
promote October 24 as United Na- 
tions’ Day. 

p> Mundy I. Peale (AM), President, 
Republic Aviation Corporation, was 
presented with Italy’s highest civilian 
award of merit, the Order of Merit of 
the Italian Republic. Mr. Peale was 
commended for the work of his com- 
pany in establishing a cooperative 
manufacturing program between Re- 
public and the Finmeccanica Com- 
pany of Naples to produce spare parts 
for the F-84 Thunderjet supplied to 
Italy under North Atlantic Treaty 
and mutual assistance pacts. 

p Charles R. Reid (TM), Vice-Pres- 
ident, The Vitroseal Corporation, has 
returned from a tour of duty with the 
Navy. While stationed in Norfolk, 
Va., he was Maintenance Officer of 
Air Anti-Submarine Squadron Thirty 
(VS-30) at the Naval Air Station. 

» Igor I. Sikorsky (HF), Engineering 
Manager, Sikorsky Aircraft Division, 
United Aircraft Corporation, was 
awarded the James Watt Interna- 
tional Medal for 1955 by Great Bri- 
tain’s Institution of Mechanical En- 
gineers. This medal, given every 2 
years, was presented to Mr. Sikorsky 
in recognition of his life’s work in 
applying science to the progress of 
mechanical engineering through pio- 
neering development of aircraft of 
various types, particularly helicop- 
ters. 

> Ray P. Whitman (AF), First Vice- 
President, Bell Aircraft Corpora- 
tion, has been elected a Director of 
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ronics in Aviation 


As a matter of semantics, I am herein defining elec- 
tronics as not including those things that in pre-black- 
box days we used to call the electrical system of the air- 
plane. Just as the term scientist is now used to de- 
scribe all the personnel in a laboratory short of the boy 
who empties the waste baskets, the term electronics has 
been expanded to include the motor that operates the 
cowl flaps. I shall try to avoid that use of the term 
since I feel the profession of electrical engineer is an 
honorable and important one in itself. However, the 
term electronics will be used to include not only the 
black boxes but also the vital areas of radiation and 
propagation. Not the least of the advances made in 
the application of electronics to aircraft has been the 
development of modern antennas and the adaption of 
the aircraft to them. Radar in modern high-speed air- 
craft would have been wholly impractical with the old 
hedgehog antenna. Because the electronic information 
circuit, with the operator, is a closed loop, the successful 
operation of the airplane is vitally affected by the propa- 
gation characteristics of the system. Since these char- 
acteristics are dependent in part on—for example, the 
radiation frequency—the mission of the airplane, the 
number of crew available, and the size and general con- 
figuration of the air frame must all be considered when 
matching the electronics to the aeronautics to form the 
complete operating team. 

The concept of electronics and aviation naturally 
arises from the great increase in airplane performance 
with no corresponding increase in man’s time constants. 


It is not only impossible to carry on modern aerial com- 
bat with man’s vision restricted to something like 10 
to 15sec. in terms of distance at the speeds we now know 
are entirely practicable, but man’s reaction time is 
such as to render him almost helpless in maintaining 
the airplane even in straight and level flight without 
electronic help. It is only by the use of such devices 
as—for example, the yaw dampener, whose reaction 
time is on the order of 20,000 times as fast as man’s- 
that we can properly control the airplane. It has be- 
come obvious that, in many phases of military aviation, 
progress will be unproductive unless matched by similar 
or even greater progress in the practical application of 
electronics. This is not to say that the age of push- 
button warfare is here if by push-button warfare is 
meant the abolition of manned aircraft. Science has 
yet to develop, even in concept, a complete substitute 
for the human brain. As one facet of the problem, 
the Navy long ago learned that, if it is desired to hit a 
specific target, the bomb must be carried close enough 
to that target before it is released to assure a hit, and 
therefore the dive bomber was developed. Electronics 
can and does extend the range at which the bomb may 
be dropped and still assure a hit, but it has not devel- 
oped a substitute for the pilots’ command decision to 
drop that bomb on that target. 

At the Naval Air Development Center, one of the 
units of my command, we have the Typhoon computer, 
one of the largest and most accurate of the analog super 
slide rules. It can take almost any chunk of data and 
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wring the last drop of mathematical meaning out of it 
rapidly and accurately. This device presents some of 
both the faults and virtues of electronic equipment. 
It is large and heavy, contains a multitude of delicate 
tubes and other circuitry devices, and, on occasion, 
gives every symptom of developing mental aberrations. 
It can, however, accomplish the solution in real time of 
any six linear or nonlinear simultaneous differential 
equations you care to feed it. It is an extraordinarily 
useful tool, and that is the catch, of course. It is only 
a tool, and, as a tool, is no better than the intelligence 
of the man who feeds it the right data in the right form 
and directs its efforts. 

Over the last 20 years, the progress of aviation has 
put an emphasis on the science of electronics it could 
probably have achieved in no other way. Military 
aviation has been a real challenge to electronics. Has 
electronics met that challenge? The answer cannot be 
either an unqualified ‘‘yes” or ‘‘no.’’ As a science it is 
still in its teens and on occasion reminds you forcibly of 
a 17-year-old boy. In those things in which he has a 
real interest—making model airplanes, say—he does an 
outstanding, imaginative job; but he will not cut the 
grass without the threat of loss of his allowance. The 
causes of this failure to meet completely the needs of 
aviation are many and varied, ranging all the way from 
misunderstanding and vacillation on the part of the 
user to lack of understanding of the problem on the part 
of the developer. Whatever the cause, however, it 
appears to be reasonably evident that the demands on 
electronics are beyond what the current capabilities of 
the industry can meet on a presently envisaged military 
time scale. 

While not proposing to treat these causes in detail, I 
shall mention several that might merit some discussion. 
Being a relatively young science, electronics has not 
yet moved far enough from the scientist to achieve in 
all cases practical, useful pieces of equipment. Per- 
haps this has important desirable features in a field such 
as that of electronics which has not nearly reached the 
median point in its curve of development. It is most 
certainly true that it is only through the devoted and 
inspired work of the research scientist and the develop- 
ment engineer that future progress can be assured. On 
the other hand, the participation of the research man in 
development and of the development man in produc- 
tion frequently produces a wholly impractical piece of 
equipment. Such an equipment may require a Ph.D. 
to operate it and an M.S. to maintain and service it, 
neither of whom is likely to be obtainable in the right 
place at the right time and at the salaries payable to 
enlisted men or officers. It is absolutely essential that 
we hold back production of our new developments until 
we can assure ourselves that adequate thought has been 
put on the simplification of the operation and mainte- 
nance feature of the equipment. It must not be for- 
gotten that a combat mission is normally based not on 
the possibilities of the airplanes and their equipment 
but on the probabilities that they can successfully 


carry out their missions. Known deficiencies in per- 
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formance can be accounted for in the setting up of the 
mission, unknown deficiencies in operability or relia. 
bility can only result in aborted missions. Only a mil. 
tary commander of what I call the ‘throw it over any. 
way, it might do some good" school of thought would 
take a chance with equipment of unknown and suspeet 
quality. This description stems from a story of my 
Naval Academy days. For training in the art of han- 
dling ships we had a group of World War I subchasers 
that were gotten under way and brought back along. 
side the piers to demonstrate proper methods of dock. 
ing and undocking. These ships had rather cranky 
gasoline engines that always stopped at crucial mo. 
ments. On one such occasion, our Skipper, an old ex. 
Eoatswain, in trying to come alongside, found himself 
with considerable way on the ship and headed straight 
toward the pier with no engines. He shouted up to the 
midshipman on the forecastle, “‘Let go the port anchor.” 
On receiving the reply, ““Eut there's no line tied to it,” 
he responded, “Well, throw it over anyway, it might 
do some good.” 

The inevitable result of sending breadboard models 
to sea as production equipments is that the operating 
forces rapidly lose faith in the equipment and in the de- 
signer, which means lost time for both which can never 
be regained. 

It is a well-known fact that there is a substantial 
shortage of all kinds of scientific personnel and that the 
electronics field is one of those in which the shortage is 
most severely felt. It would seem evident, therefore, 
that the time of those scientists we have should prop- 
erly be directed toward the solution of our most pressing 
problems. It is not at all clear that this is being done. 
We spend as much time and effort on a device to inform 
the pilot of how much fuel he has left and what altitude 
and speed to fly to get home as we do on how to inden- 
tify positively a snorkel through bad sea clutter. In the 
former case, at the expenditure of some 150 Ibs. of 
weight, we are providing a luxurious convenience to the 
pilot; in the latter case, we are dealing with a problem 
whose solution could mean men’s lives and millions of 
dollars in ships and material. Admittedly, scientists 
are hard to coerce, and rightfully so. Eetter results 
are always achieved by those who have a deep interest 
in the things they are doing. I remain unconvinced, 
however, that the intelligence of the scientist will not 
respond to a plea for interest and an explanation of the 
importance of the end result. As an example of di- 
rected research, some years ago I set for the Electronics 
Laboratory a rather simply stated problem: ‘‘A sub- 
marine is at rest submerged at a depth of 500 ft. Find 
it.”’ The enthusiasm and original thinking demon- 
strated in working on this problem has been remarkable. 
The solution of the problem has required considerable 
feet-on-the-desk consideration, a method of approach 
of extreme value. My reputation hardly puts me in a 
position to challenge Thomas A. Edison, but I wish on 
many occasions he had chosen to word his statement, 
‘Genius is 20 per cent consideration, 10 per cent in- 
spiration, and 70 per cent perspiration.’’ 
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EDITORIAL 


In similar view, in the next step beyond research— 
ie., development—we all too often act like the pro- 
verbial cat on the hot griddle. No sooner do we pro- 
duce a breadboard model of a new piece of equipment 
than we lose interest, throw it at the production man, 
and depart on new flights of fancy. This is directly 
contrary to the method of development which has stood 
aviation in such good stead for so many years. In avia- 
tion we are used to considering the first article not only 
as a prototype for first limited production but also as a 
prototype for further development. We are accus- 
tomed to wringing out the last iota of performance from 
an airplane model by aerodynamic redesign, more 
power, and better equipment before, finally, with a deep 
sigh, moving on to a completely new design. We are 
all familiar with the F-86 airplane series—for example— 
and the F9F series, both of which are up to their eighth 
or higher version with improved performance and com- 
bat effectiveness at each step. One of the Navy’s latest 
and most important aircraft is powered with an engine 
I first flew with in 1929. I can see no logical reason 
why many electronics equipments cannot be treated in 
thesame way. Admittedly, this has been done in a few 
cases, but all too often we appear deliberately to throw 
away the engineering man-hours and operational and 
maintenance experience put into a given equipment and 
start from the ground up to design a new one, even 
though the performance improvement frequently seems 
hardly worth the effort. This would appear to be a 
serious waste of that critically short raw material—de- 
velopment intelligence. As one approach to this prob- 
lem, the Naval Electronics Laboratory at San Diego 
has developed a series of standard circuits that are spec- 
ified wherever applicable and, being preproduced in 
standard packages, save design and developmental 
time and effort. While this particular solution to the 
problem might not be too applicable to aircraft elec- 
tronics—the power loading of an aircraft carrier being 
of relatively minor interest—it does represent an ap- 
proach that cannot help but simplify design, develop- 
ment, operation, and maintenance. 

As another facet of the same problem, we frequently 
appear to start a new development solely for the sake of 
starting a new development. The performance gain in 
the new equipment is so minor that it does not justify 
the time and effort spent. On occasion, the new equip- 
ment is substantially better, but it is applied to an air- 
plane that has little use for the added performance. 
For example, it hardly appears logical to double the 
power of a radar installed in an antisubmarine search 
airplane if, by doing so, you achieve the result of improv- 
ing only the radar range. Since the airplane normally 
operates at altitudes at which the difference between 
150 and 200 miles extreme range is a matter of complete 
indifference, the logic of such a change is certainly assail- 
able. Such goings on remind one a little of the story 
of the expert rifleman who, when asked to shoot a fly a 
mile away, asked, ‘‘Which eye?” 

Some years ago I made a plea for greater recognition 
on the part of the airplane manufacturer of the impor- 


tance of electronics in aviation and the necessity for each 
aircraft designer’s having a qualified electronic group in 
his engineering organization to assure proper marriage 
of the airplane and its electronic equipment. I am 
more than gratified to see that nearly all airplane com- 
panies now have strong electronic groups. It is essen- 
tial that the manufacturer be in a position to interpret 
for the electronic designers the needs of his aircraft and 
to direct their efforts toward the joint solution of the 
airplane-electronics problem. He must be careful, how- 
ever, to avoid the primrose path of taking over himself 
the design of electronic equipment for his own airplanes 
lock, stock, and barrel. No one airplane builder can 
afford to gather all the required talent under his own 
wing, nor can the country afford to have him do so. 
Competition is the spice of life, perhaps, but, for the 
military services, standardization is the bread and 
butter, and standardization is most readily achieved 
through design of electronic equipment by the elec- 
tronics designer. 

I hope I have not left the impression that standardi- 
zation, simplicity, reliability, and maintainability must 
be considered paramount. These factors are all essen- 
tial, but performance adequate to meet the require- 
ments of the airplane’s mission cannot be sacrificed to 
them. However, here the important words are ‘‘ade- 
quate to meet the requirements.’’ One should never 
use a sledge hammer to drive a tack, and frequently the 
complex, exact solution can be sacrificed for the more 
simple approximation with no undue effect on the air- 
plane’s ability to get there and back again. Here, again, 
it must always be remembered that current aircraft, at 
least, carry a fine computer, a terminal guidance sys- 
tem, and a system corrector at all times in the intelli- 
gence of the man who interprets the scope pictures and 
pushes the buttons. 

In the Jast 4 years we have most certainly developed 
better and more powerful equipments and expanded 
the field of electronics to cover more end uses in the air- 
plane, but there has been only one development that 
offers hope of major changes in air-borne electronics. 
This is the transistor. Four years ago the word ‘‘tran- 
sistor’’ was in the same class as the words ‘nuclear 
energy” in the early 1940’s. Mention those words then 
and you were lucky if they went back only ten genera- 
tions in investigating your loyalty. Now, transistor 
is a relatively common household word and even oper- 
ates that gadget that Dutch Kindelberger switches to 
“off”? when he is tired of listening to you. The tran- 
sistor has yet to take its rightful place in electronics in 
aviation for a variety of reasons—the biggest of which, 
I often suspect, is sheer inertia on the part of the de- 
signers. While it is perfectly true that the old germa- 
nium transistor had many faults and possibly even lim- 
ited application, the newer silicon transistor has elimi- 
nated many of the troubles and broadened the field of 
application. If its advantages in lightness of weight, 
reliability, and resistance to shock and acceleration were 
the transistor’s sole claims to fame, its use should be 
prosecuted at high priority since in modern aircraft a 
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penny saved is no longer a penny earned it is now 
$9.65. But those factors, while extremely important, 
are nowhere near as important as its major character- 
istic, which is the tremendous decrease in power re- 
quired to operate transistorized equipments. In look- 
ing at the electrical and electronic equipment of modern 
aircraft I sometimes wonder if the engine power range 
and airplane fuselage size are not more nearly dictated 
by the generator output and diameter than by any 
other factors. This reduction in power required has 
an extremely important bonus in the reduction of heat 
developed in the equipment and in the airplane. At 
the speeds we are proposing to fly, we hardly need an 
additional source of heat to be disposed of —the airplane 
will be warm enough. 

While perhaps an extrapolation of the normal air- 
plane electrical power required curve, it might be inter- 
esting to note the generator capacity of the W\V-2, the 
Navy’s early warning aircraft. This airplane requires 
60 kva. of a.c. power plus 2,000 amp. at 28 volts of d.c. 
power. It is true that much of the equipment in this 
airplane is not subject to the use of transistors, but 
enough is to make adopting this approach well worth 
while. 

As a matter of incidental interest, the WV-2 repre- 
sents a case of adaptation of an existing airplane to a spe- 
cific military mission with the close cooperation of the 
electronic designer and the aircraft manufacturer. 
The first prototype, the WV-1, was delivered to the 
NADC, the major developer of the electronic equip- 
ment, almost exactly 4 years ago. The latest version, 
the WV-2, a Super Constellation, clearly shows the re- 
sults of 4 years of cooperative effort, even though it 
could still stand improvement. The concept of the 
early warning aircraft, the flying combat information 
center, has proved highly successful and has received 
general acceptance in both the Navy and the Air Force. 

Many other attacks on the weight problem have been 
made in the form of printed circuitry, miniaturized 
components and tubes, and the like, by all the industries 
and have resulted in substantial weight decreases and 
improved form factors. One of this type is the devel- 
opment of quartz and, subsequently, fused silica delay 
lines by the Electronics Laboratory of the NADC as a 
replacement for mercury at ultrasonic frequencies. 
Moving target indication would hardly have been prac- 
ticable for air-borne radar without this development 
in view of the weight and size of the mercury delay 
line. 

Many improvements in reliability have been achieved 
through the use of magnetic amplifiers instead of tubes 
in servo-loops, of printed circuits, of the so-called 
“tinker toy”’ techniques, etc. The use of these devices 
and of potted circuits has markedly improved mainte- 
nance problems as well as reliability under the stresses 
of aircraft operation. The Navy’s problems in this re- 
gard are especially severe, of course, because of the ne- 
cessity for catapulting and arresting carrier aircraft. 
As a matter of interest, with respect to the problems of 
acceleration and vibration, one of the devices developed 


to aid in the solution of these problems is now one of 
our worst headaches. The standard ANA connector 
is an awesome thing, indeed—large, massive, and jm. 
pressive. It has done a good job of maintaining cop. 
nector integrity in past years. However, the sight of 
some of the modern black boxes with these large excres. 
cences attached to them amuses the casual observer 
and discourages the designer. It is not at all unusual 
to see a black box or component hardly larger than q 
pack of cigarettes, with a connector almost the size of 
an orange. 

Much has been done in the way of packaging equip. 
ment and reducing its size and weight to make the air. 
plane designer's job easier. In one field, however, q 
critical situation still exists and may always exist. This 
is in the matter of the size, shape, and location of anten- 
nas. In the field of communication antennas, this 
problem can be solved through close cooperation of the 
airplane designer and the antenna expert, with particu- 
lar emphasis on model studies and research and devel- 
opment using actual antennas in the presence of true 
reproductions of surrounding reflecting surfaces. 

In the field of radar antenna, however, the situation 
is quite different. Because of the absolute necessity of 
increased radar ranges in modern high-speed aircraft, 
higher effective propagated power is a must. To the 
radar designer, the answer is simple. Since twice the 
antenna size is the equivalent of four times the magne- 
tron power, he would, of course, choose the larger an- 
tenna even were the larger magnetron available, which 
it frequently is not. The airplane designer has a more 
critical problem, however. He would like to have the 
cake but eat it, too. He lives in the hope that some 
kind fairy will have a magic wand (nuclear energy 
powered) which will require him neither to add another 
keg-sized generator to the electrical generating system 
nor to attach his airplane to an outsize tiddlywink. 
Those of you who have seen the early warning airplane 

-with its 18 ft. wide, 30 ft. long, and 6 ft. deep ra- 
dome on the bottom and the 8 ft. high, 12 ft. long, and 
4'/. ft. wide vertical radome on the top—will know that 
I am not exaggerating. There seems no ready solution 
to this problem except the utmost cooperation among 
the operator, the airplane designer, and the electronics 
man in the determination of the radar range actually 
essential to the mission of the airplane and how that 
range shall be obtained. 

Somewhat earlier I remarked on the fact that some 
of the less glamorous jobs in electronics and aviation 
have not been given the attention that is due them. 
One such large area is the field of electronic counter- 
measures. The military man’s existence is largely con- 
cerned with the continuous interplay of attack and de- 
fense, measure and countermeasure. An electronically 
quiet missile, airplane, or ship may be difficult to see and 
combat, but neither can such a vessel see where it 1s 
going. The chances are excellent that it will be elec: 
tronically active, in which case it can be detected, in- 
tercepted, and duped. Even if it is using some passive 
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Development 


GEORGE B. JOHNSON* 


INTRODUCTION 


MILESTONE OF POWERED FLIGHT was _ passed 
more than 50 years ago, and about 40 years have 
eapsed since the demonstrable ‘‘stable aeroplane”’ of 
Lawrence Sperry. This latter milestone of stable flight 
never stays far behind because of the tremendous ad- 
vances in aircraft characteristics and the continued de- 
mand of different and harder-to-meet stability and con- 
trol requirements. The basic assumption of much re- 
sarch and development work is that aircraft stability 
is available and that suitably designed control devices 
may be ‘‘attached”’ to satisfy requirements such as pilot 
relief or navigation assistance. This assumption is 
irequently invalid because the stability and control 
problems, although integral, tend to be incongruous, 
necessitating that the controls designer carefully con- 
sider his applications as a key factor in more than one 
stability loop. The successful solution of the control 
problems of yesterday’s aircraft is little guarantee of 
success for today’s aircraft, and certainly these same 
previously successful solutions will fall short if an at- 
tempt should be made to apply them directly to our 
future types. 

As an illustration of this inescapable advance I recall 
that, back in 1947 when I had the opportunity to work 
on the fondly called “push-button airplane,’’ frequent 
presentations were given both as an information serv- 
ice and to help “‘sell’’ the concept of completely auto- 
matic flight control. However, one of the ground rules 
ior the close of any talk was to caution the listener that 
push-button, point-to-point flight for piloted aircraft 
was at least 10 years off for any operational applica- 
tion, either military or civil. This pessimistic note was 
included to dampen any overenthusiastic selling that 
might have been done. Now, 7 years later, it seems 
that our 10-year prediction was optimistic not pessi- 
mistic. I am sure that with devoted effort we could 
have perfected this automatic flight control system, 
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Past and Present Automatic Flight Control 


Wright Air Development Center, ARDC 


but, during these 7 years, aircraft advances would have 
left us few places for its application. 

This advance in aircraft characteristics engenders 
by its success the requirement for continuing research 
and development in the controls field. Tools such as 
analog computers have greatly enhanced the controls 
research picture. They are a fine complement to the 
flight research so necessary to prove the assumptions 
or verify the ‘‘answers’’ before committing to develop- 
ment. We of the Wright Air Development Center 
have the motto “Fly Before You Buy.’”’ This maxim 
is the precept for the tremendous amount of flight test- 
ing and evaluation work conducted in support of the 
development activity. ‘Fly Before You Euy” may also 
be applied to many investigation and research programs 
preceding development. Flight investigation can head 
off unrealistic development or furnish the logical line 
of attack for a component or system engineer as well 
as be used as a generating or stimulating source of new 
ideas. The point-to-point or push-button automatic 
flight control program, although never accepted as a 
totality, has by its flight research efforts served to stim- 
ulate the development of individual automatic control 
subsystems such as automatic radio-beam sensors, 
automatic navigation devices, and single-lever engine 
controls. It is one of these subsystems in the auto- 
matic flight control program which I should like to dis- 
cuss. At the outset of the program an effort was made 
to analyze a flight and to break it down into the logical 
operations such as take-off, cruise, landing, ete. An 
attack could then be made on converting the discrete 
functions of each operation such as throttle control, 
the raising and lowering of flaps and landing gear, and 
the selection of and operation on various navigation sys- 
tems into an automatic operation. The next necessary 
step was the coordinating of the operation of these con- 
trols through a central control called a master sequence 
selector. This device allowed programing of the auto- 
matic devices and functions as required during each 
flight phase. 
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AUTOMATIC LANDING AIR-SPEED CONTROL 


In the experiments with point-to-point automatic 
flight, control of the air-speed parameter was found 
necessary during the critical landing sequence. Neither 
the programed fixed power settings nor the rudimentary 
air-speed control systems used were found to be totally 
adequate. The development of the landing air-speed 
control system was an attempt to get a research tool 
by which other techniques of controlling speed during 
landing could be investigated. The landing air-speed 
control system, like the other components of the all- 
weather automatic flight control system, was designed 
to operate completely automatically from programed 
commands or semiautomatically from commands given 
by an operator. The system was intended to supple- 
ment the basic air-speed control system and other auto- 
matic flight control equipment in providing a satis- 
factory air speed during approach and desirable thrust 
control during flare-out. When using the control, the 
landing air speed of the aircraft is adjustable as a per- 
centage of stall speed, and the air speed that is estab- 
lished is compensated automatically for gross weight 
and wind conditions. The basic requirements placed 
on this subsystem were the establishment of a safe mini- 
mum air speed for the aircraft from approach to touch- 
down and the control of engine thrust during flare-out 
in a manner to achieve a safe landing. Also incumbent 
on the design of this system was its proper integration 
with existing automatic approach and flare-out equip- 
ment and with a basic air-speed control system operat- 
ing the aircraft throttles through a single-lever engine 
control system. 
or research tools, flexibility of use was a keynote in the 
overall design. 


As with most experimental devices 


Modes of operation of this control as 
well as in the other control subsystems of the all- 
weather flight control system were variable, and the 
loop gain settings could be adjusted (Fig. 1 


DESIGN PRINCIPLES 


The design of the landing air-speed control is based 
on the principle that the stall angle of attack of an air- 
craft is largely independent of the aircraft's gross weight 
and flap configuration. If during approach and land- 
ing an angle of attack slightly greater than the stall 
angle can be selected and maintained, safety from stall 
is assured, and the average thrust value derived de- 
pends upon the existing gross weight and flap position 
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(Fig. 2). The use of angle of attack as the basic contp) 
criterion for setting approach air speed assists to fy! 
fill the two basic requirements previously mentioned 
namely (1) the establishment and maintenance of » 
approach speed sufficiently high to ensure safety fro 
stall under any likely wind condition and longitudin; 
maneuver and (2) the establishment and maintenang 
of as low an approach air speed as possible to minimi, 
landing roll required, tire and brake wear, and group, 
control problems. The angle of attack sensing e 
ment selected measured the airflow relative to a fixe 
axis in the aircraft with an accuracy of 0.1° and ar 
sponse of 0.07 sec. in the range of air speeds covered by 
the landing air-speed control. 

A sidelight on the angle of attack sensing elemen 
should be mentioned at this point. Over and aboy 
the implicit requirement for accuracy and a proper dy 
namic response is the requirement for proper location 
on the aircraft. A boom projecting from the nose ¢ 
the aircraft, although obviously best, would not be, 
representative installation for high-speed military air. 
craft. A suitable compromise location was found on 
the fuselage which afforded a region of constant air. 
stream direction and which had the local airflow d- 
rection unaffected by the propellers, flap position, ex. 
tension of the landing gear, or other projections from 
the surface of the aircraft. 


CONTROL SYSTEM 


Using the basic philosophy of allowing angle of attack 
to command the air speed, the control system was es- 
tablished using the elevators to control altitude or the 
vertical position with respect to a glide slope beam and 
the throttles to control air speed or angle of attack. In 
one case—the alternate mode—the throttles are driven 
directly from angle of attack error information. In the 
other case the throttles are driven 
indirectly by using the time integral of angle of attack 
error to command the basic air-speed control system 
reference. 


the normal mode 


The dynamics of a loop controlling angle of 
attack and a loop controlling air speed are about equal; 
however, other factors are worthy of note. The angle 
of attack loop requires less equipment, has inherent 
pitch anticipation, and has a faster response to changes 
in angle of attack reference; however, the air-speed ref- 
erence control loop has a higher signal-to-noise ratio in 
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rough air, and the use of a gust compensator circuit is 
more easily included. The control of the air-speed ref- 
erence by the angle of attack must be slow with respect 
tothe response of the air-speed control itself to achieve 
stability. In this design the rate of change of the air- 
speed reference was made proportional to the angle of 
attack error. This enhanced the stability of the loop, 
and the integrating action put a desirable filter on the 
angle of attack signal to achieve the higher signal-to- 
noise ratio. Both basic modes of control were satis- 
jgctorily investigated on an analog computer and by 
fight research prior to hardware construction. 


ADDITIONAL CONTROL FEATURES 


Several additional features were found desirable for 
inclusion in the landing air-speed control system. Tur- 
bulence has always been a trial to stable flight control. 
Gust disturbances on the final approach path are par- 
ticularly detrimental because of the aircraft flying close 
to the stall point. To effect the same safety margin 
from stall which is obtained in calm air, it is necessary 
touse a higher speed. To select too high a value, how- 
ever, reduces the safety margin desired because of in- 
creased landing speed. The optionally selectable gust 
compensator circuit included in this system measures 
the difference between the angle of attack peaks caused 
by gusts and the average value of angle of attack. This 
difference is then added to the instantaneous value and 
the sum used to control the air-speed reference. The 
signals are added in such a way as to increase the aver- 
age air-speed reference by a value proportional to the 
magnitude of the peak gusts encountered. In this way 
the angle of attack peaks are made to occur at the pre- 
st reference value of a per cent of stall speed. When 
no additional gusts are met, the gust compensator sig- 
nal decays at a predetermined rate returning the air- 
speed reference to its originally set level. 

During the landing phase of flight, power reduction 
isdesired for various reasons: to achieve proper trim 
for a satisfactory landing attitude, to reduce the lift to 
prevent ‘‘floating,’’ and to shorten the landing roll by 
decreasing the forward velocity. Immediately prior 
to touch-down, it is desirable to close the throttles to 
the low-limit stop. At a preselected height a few feet 
above the runway, a throttle cut-back is initiated in the 
landing air-speed control with the rate of throttle clo- 
sure adjustable by means of a tap switch. 

In many types of aircraft, under approach conditions 
an appreciable change in lift occurs when a change in 
throttle setting is made. This is particularly true of 
multiengined propeller-driven aircraft. This effect 
causes undesirable interaction between the glide slope 
path control loop and the air-speed control loop. Dur- 
ing the flare-out portion of the approach this effect be- 
comes a definite problem because of the throttle cut- 
back. The cut-back reduces power, and the resultant 
loss of lift causes a path transient that may be detrimen- 
tal at touch-down. Pitch anticipation was built into 
the landing air-speed control to combat this condition 
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by cross coupling a throttle position signal into the pitch 
axis input of the automatic pilot. In this manner and 
by adjustment of the circuit gains, the aircraft increases 
its pitch attitude sufficiently to maintain constant lift 
when the power is reduced. 


FLIGHT-TEST RESULTS 


Flight testing of the landing air-speed control dem- 
onstrated satisfactory performance in a system where 
measured angle of attack is used to set air speed. Suc- 
cessful operation of the gust compensator is shown in 
Fig. 3. The feasibility of the pitch anticipation and 
throttle cut-back were also demonstrated by actual 
flight tests. The pitch anticipation function permitted 
an automatic approach to be made under air-speed con- 
trol with less deviation from the glide path beam than 
had previously been possible without this feature. 
Combined operation of throttle anticipation and throt- 
tle cut-back during flare-out permitted an automatic 
landing to be made in a satisfactory attitude with a 
reasonably slow touch-down air speed. 

The landing air-speed control’s capability to main- 
tain a constant safe angle of attack in the presence of 
large disturbances was demonstrated in an approach 
during which the wheels were lowered and the flaps were 
extended, first to half-flap position and then to full-flap 
position. Each of these major additions to the drag of 
the aircraft caused only a smooth decrease in air speed 
while constant angle of attack was maintained. 

Another significant result obtained during the flight 
tests was successful control of angle of attack by the 
throttles, the alternate mode of landing air-speed con- 
trol operation. This mode of control is important for 
two reasons. First, thrust control can be achieved by 
such a system with simple equipment and independently 
of any other air-speed control or air-speed reference sys- 
tem. Second, such a system could be used to fly auto- 
matically at an angle of attack yielding the highest lift- 
to-drag ratio for maximum range in cruising flight. 


CONCLUSION 


The automatic landing air-speed control system de- 
velopment and flight-test program has shown that it is 
feasible to set the landing air speed of an aircraft by 

(Continued on page 90) 
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FRANK R. COOK* 


|= AVERAGE SERVICE PILOT pressed into wartime 
service fresh from management duties, from reserve 
status in civilian life, or from training, thrown into a con- 
fused and fast-moving combat situation involving all- 
weather round-the-clock combat operation in super- 
sonic aircraft, will be up against an extremely difficult 
task. 

He will rapidly have to become acquainted with 
his operational type of aircraft and its mission and 
develop his capabilities to the maximum extent pos- 
sible. In order that these capabilities be adequate 
for the mission, it is the present job of the contractors 
to the armed services to supply him with combat air- 
craft that are designed and equipped to take maxi- 
mum advantage of the pilot’s capabilities and yet ap- 
preciate his limitations. All-weather flight at high 
speeds and high altitudes on extended missions, each 
difficult and varying from day to day, indicates the 
need for furnishing the combat pilot with automatic 
control and guidance equipment to assist him in the 
accomplishment of these missions. 

The word “requirements” is used in the technical 
rather than the military sense, it being fully recognized 
that the military must establish and control their re- 
quirements and are the only ones in a position to do 
this. However, it is generally recognized that the 
conceptual stage of these military requirements must 
include the careful review of technical analyses that 
indicate the capabilities and limitations of manual 
control for a given application, and the capabilities, 
weight, space, and complexity of automatic controls to 
do jobs beyond the capabilities of the human operator. 
This latter analysis and review must be accomplished 
with the help of the technical groups who will be re- 
sponsible for the development and the product design 
of the equipment. The need for automatic controls 
may be dictated by the performance requirements or 
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complexity of a given task or by the accumulation of 
tasks required of the human operator. 

The continued development of manned aircraft of 
ever-increasing capabilities paces the need for the 
greater development of flight control and guidance 
equipment which will allow the operational accom. 
plishment of all-weather missions beyond the capabil- 
ties of the unaided pilot, yet take full advantage of his 
capabilities. The development objective for control 
equipment in manned aircraft should not be to replace 
the pilot—this should be left to guided missile de- 
signers—but these controls should be designed for 
minimum complexity to do things that the pilot 
cannot do by reason of the high performance character- 
istics required or the multiplicity of tasks that must 
be performed simultaneously. 

The high speeds and altitudes of the supersonic 
interceptor, the fighter-bomber, the helicopter, and the 
vertical riser, and the wide attitude requirements and 
limited stability of these types, coupled with the greater 
accuracy requirements for both offensive and defensive 
aircraft which are dictated by nuclear weapons, pre- 
sent the greater challenge to the automatic controls 
design teams. 

Note the three major phases of combat flight: 
navigation, strike, and landing. Besides the basic con- 
trol and guidance equipment required for these phases, 
engine controls, fuel range and endurance indications, 
accessories for instant pilot's control inputs, constant 
altitude and Mach controls, climb and descent controls, 
air-frame damping equipment, acceleration and ma- 
neuver limiting controls, the proper integration of these 
systems, and the necessary integration of them with 
cockpit instrumentation are involved. 


The important areas of ‘routine’ automatic flight 
of commercial aircraft and the related difficult objective 
and subjective problems of reliability and crew accept- 
ance are net touched on here. Undoubtedly military 
developments in advanced areas will contribute directly 
to the state of this art as it progresses and to the 
momentum involved in the acceptance of the neces 
sary devices. 
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During the navigation phase of flight the transonic 
and supersonic aircraft will probably need control 
equipment that will augment the stability of the basic 
air frame and dampen pitch and yaw oscillations. 
Control stick steering provisions are needed to allow 
the pilot to put his commands into the system in a nat- 
yral manner and to override the automatic controls 
whenever he desires; provisions are needed to hold 
automatically a Mach Number or altitude and heading 
and in some cases to provide terrain clearance control. 
Completely automatic en-route navigation, either by in- 
ertial or Wave propagation means, is needed to ensure 
the completion of all-weather missions by single-seat 
airplanes. These are also needed to coordinate mis- 
sions, control traffic, avoid collisions, and provide data 
for position reports. Ground control signals must be 
accepted. 

The strike phase of the flight may simply be the end 
point of a precise, completely automatic navigation 
mission, at which point armament stores are automati- 
cally released either in level flight or during a pro- 
gramed or controlled maneuver; it may be the start of a 
runon the target on the ground by use of the bombsight 
and the automatic flight of the airplane by use of 
bombsight tie-ins. For interceptor aircraft it may 
be the start of the search for the air-borne target by use 
of air-borne radar, the automatic tracking of the target 
when found, its interception and the automatic release 
of armament stores against the target, and the auto- 
matic breakaway from the strike. 

For the landing phase of the flight, controls are needed 
for traffic and for the precision touchdown, and for 
the transition phase between the two. These should 
accommodate aircraft approaching at various speeds 
and altitudes, and should be as flexible as possible. 
Flexibility is also, of great importance for the precision 
landing phase in various types of aircraft, so that vari- 
ous wind conditions and varied spacing of incoming 
aircraft can be coped with and maximum utilization of 
the airstrip still be obtained. Precision landing equip- 
ment should be capable of handling either straight-in 
orcurved approaches. In this manner the time spacing 
of aircraft touching down can be kept as small as pos- 
sible. Various types of aircraft approaching at vari- 
ous speeds can be brought in on tight or on loose curved 
paths so that touchdown intervals are kept constant 
and maximum strip utilization results. 


There is a common frame of reference for the control 
problem. Broken down into its basic elements the 
problem is to sense, then, as a rule, to amplify the sensed 
signal, then to compute the desired action, then to 
perform this action. 


(A) 


Pickups are required to give the various required 
physical measurements; motion, both linear and 
angular (in rate, acceleration, and displacement), 
for the complete navigation problem, fuel quantity 
and the direct or indirect means of determining flow 
is necessary; free air-stream and engine gas flow data 


To Sense: 
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are needed—to give direction, velocity, temperature, 
and pressure. 

(B) To Amplify: 

It is often necessary to sense with minimum reaction: 
for example, effect on gyro drift due to pickoff friction 
and on airflow direction due to probe effect. Weak 
signals result and must be amplified. 

This is usually done electrically with requirements 
for minimum weight, space, and cost, with greatest 
reliability, and with minimum dependence on the sta- 
bility of the source of amplifier power. 

(C) To Compute: 

Coordinated, stable control requires the neat inte- 
gration of input sensings and output command signals. 
This is computed either mechanically or electrically, 
with minimum complexity, maximum reliability and 
flexibility, and minimum weight, space, and cost. 

(D) To Actuate: 

Actuators or servos—either electric, hydraulic, or 
pneumatic—must be adapted to the requirements, 
and must meet performance needs of the system with 
minimum weight, space, and cost. 

Basic components for these control systems have 
gone through several generations of development in the 
last 15 years. The rate of their development is prob- 
ably more rapid now than at any other time in the past, 
and the requirements for this rate of development are 
continually mounting. Sensors (including gyros), com- 
puters, and servos are the basic elements. As for sen- 
sors, there is a continuing need for a better device to 
measure the relative position or movement between a 
gyro and its associated equipment with minimum reac- 
tion force transmitted to the gyro in the form of flux 
reactance or friction of a potentiometer and with maxi- 
mum resolution. These devices must be able to with- 
stand shock, vibrations over a wide frequency band, 
high accelerations, and be suitable for use over a wide 
temperature band, especially at the high temperatures 
encountered in supersonic aircraft. They must be 
reliable, have long life, require minimum maintenance, 
and be reasonably easy to manufacture to the precision 
required. 

Gyroscopes that sense rate of movement and posi- 
tion, either directly or by the integration of rate signals, 
and which are smaller, lighter, less costly, and easier 
to manufacture and maintain, are in continuous de- 
mand. From a product design viewpoint the basic 
gyro problems are bearings and sensors. Bearings 
that have much greater life, less friction, less internally 
generated heat, and can be operated at much higher 
revolutions per minute present a great challenge and 
represent a very pressing need. With all due respect 
to the good bearing work that has been done, the 
state of the art here is far behind needs. Satisfactory 
instrumentation is not available to determine exactly 
what exists in a given design or what progress is being 
made in a given research or development program. 

Basic amplification elements are normally the 
vacuum tube, the transistor, or the magnetic amplifier. 
Each has its limitations. The vacuum tube has a 
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relatively low overall efficiency factor, limited structural 
strength of its elements, and greater size and weight 
compared to the transistor. However, its high gain 
and fidelity, especially at the higher frequencies, is 
unmatched by the other elements, and structurally 
sound designs are entirely possible. Initial air-borne 
production equipment that includes transistor amplifier 
elements is just being delivered. A great need exists 
for production transistors that will withstand the 
considerably higher temperatures encountered in in- 
stallations in supersonic aircraft and in high compart- 
ment temperatures encountered by engine controls. 
The small weight, space, and power requirements and 
the resulting low heat rejection problems of the tran- 
sistor are unmatched by the other amplifier elements, 
and it probably will be used almost exclusively for air- 
borne controls when produced in quantity for high 
ambient temperature applications demanding great 
reliability. The magnetic amplifier has limitations of 
frequency response, and is the heaviest and bulkiest 
of the three unless great care is taken in its design. 
It suffers from high temperature problems, like those 
that the transistor encounters, due to the characteris- 
tics of currently available rectifiers. 

The majority of the computers in the past have 
been of the analog type. However, the digital type is 
rapidly approaching the point in its development 
where space- and weightwise it can be considered seri- 
ously for production air-borne applications. The 
designer and the systems manager are faced with some- 
thing of a dilemma in the use of the digital computer. 
Its great capacity for computation services allows it to 
be used for the computing needs of several systems 
by the time-sharing of the computational circuits. 
However, when several systems are tied together so as 
to be dependent upon a common component, especially 
one as vital as a computer, the overall reliability and 
vulnerability of the system suffers. This leads to the 
demand that the digital computer be extremely re- 
liable. Project offices approving specifications must 
carefully review and analyze the state of the art with 
respect to any particular application to be sure that 
these reliability requirements can be met in the final 
production device. 

Servos are used to perform actions as instructed by 
a computer at the speed and with the stability dictated 
by the system requirements. In World War II 
flight control servos with a frequency response consid- 
erably less than 1 cycle per sec. were entirely adequate 
for the needs of the air frames controlled. With the 
current generation of production and development 
supersonic aircraft, frequency response requirements 
from 5 to 40 cycles per sec. are common. Power 
requirements have risen from one manpower to several 
horsepower per servo. As a result, hydraulic servos 
are in general replacing electric servos, as a higher 
frequency response is readily attained and higher horse- 
power can be developed with low weight and space. 
Two of the basic problems being encountered as a re- 
sult are the effect of foreign particles—even minute—in 


the hydraulic fluid, on the performance of the hydraulic 
control valve that directs the flow of fluid to the two 
sides of the hydraulic ram at the proper times, and the 
effect of very high ambient temperatures on the hy. 
draulic system, including the fluid itself. 
also present major production problems 


Such valve 
particularly 
the maintenance of machinery tolerances much tighter 
than heretofore encountered in this kind of equip. 
ment. There is a pressing need for designs that are 
less sensitive to foreign particles and which are more 
producible. 

Much research and development and production 
design effort must be completed in these areas. Great 
progress has been made in the last few years, especially 
in the area of hydraulic control values and gyros of 
the floated variety. Components are needed and are 
in existence which were unheard of a few years ago. 

It is no longer possible to design these systems by 
anything approaching intuition. A 
analysis and analog and digital computation of many 


most extensive 
flight conditions and many, many combinations of 
design parameters must be analyzed in order to de- 
velop equipment that will be able to meet the needs of 
the air frame and its mission and will be of a configura- 
tion approaching the optimum with respect to the de- 
sign requirements of each component and the integra- 
Almost 50 flight conditions 
are analyzed in the latest supersonic aircraft flight con- 
This is at least five times the 
amount of analysis necessary 5 years ago. 

Longer range research programs and better staff 
work in determining requirements and in establishing 
programs, both in the 
military and in industry, are stabilizing these activities. 
Research and development personnel in industry are 
probably in a better position to see technical trends in 
these areas—they are working full time in them; mili- 
tary personnel are in the position to establish require- 


tion of the overall system. 


trol system studies. 


research and development 


ments as the state of the art advances. Better pro- 
cedures are needed for the exchange of views between 
the two, so that industry effort is continually placed on 
lasting problems of the military with the result that 
these problems are solved as rapidly and as effectively 
as possible. 

In considering the problems of developing require- 
ments and developing designs to meet them it should be 
recognized that supersonic flight problems may unfold 
at three to four times the rate of the problem of con- 
trolling the fastest commercial air liner. 

World War II autopilots performed two functions, 
tie-in to the bombsight and stabilization of the aircraft, 
for a weight of about 150 lIbs.; the latest military 
autopilot system performs tweive functions for a weight 
in the neighborhood of 60 Ibs. Much progress has 
been made, yet many problems are unsolved. 

Additional functions must be performed by flight 
reliability must be continually 
improved; equipment that will withstand the much 
higher temperatures encountered in supersonic flight 
must be fully developed; a program of training pet- 
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sonnel to use and maintain this complex equipment 
must be greatly accelerated. 

These instruments are being developed at a rate of 
4 new generation every 3 to 5 years. Once de- 
veloped to perform all functions they will undoubtedly 
go through a whole generation of development for addi- 
tional miniaturization, weight-saving, and producibility, 
and at least another generation for reliability improve- 
ment. 

Turning from the hardware to the management view- 
point, one of the basic problems in_ establishing 
research and development programs, especially of this 
nature, and the very obvious one, is to maintain a 
proper balance between the two. Probably few people 
realize that of every dollar appropriated by the Gov- 
ernment for research and development, hardly six 
cents is spent on research, the rest is devoted to the 
development of hardware in the form of experimental 
aircraft, missiles, and their components. The dual 
phrase, ‘Research and Development” has assumed a 
singular meaning. In conversations the thought of 
research is too often remembered while the thought of 
development may get dim. In practice the budget 
emphasis is 16 to 1 the other way around. This mere 
fact in itself would not be significant unless there were 
ample reason to believe that complete weapons are not 
being developed without a previous orderly program 
providing adequate research information. 

The result of an unbalanced research and development 
program and policy is hardware that does not work as 
itshould. The need for additional research information 
becomes glaringly apparent, and the placing of emphasis 
on problems of getting it is automatic. However, from 
aprogram and budget viewpoint the question here 1s, 
“Could this not have been forecast in advance and 
properly provided for?” 
around the point of the management concerned having 
complete and sympathetic understanding of the re- 
search and of the development processes—management, 
both military and industrial. 

It is always difficult to sustain the support of an 
operation that requires many people and many dollars 


This question again revolves 


and whose output is information 
words 


-paper, in other 
rather than weapons in the hands of troops or 
goods on the shipping dock which make the cash register 
ring. 

The processes of solution of this planning and pro- 
graming problem obviously involves a period of many 
years and much trial and error. However, the state of 
this art has been developed to such a point that it should 
be possible to do a better job in the overall. 


One of the mental pitfalls that is encountered here 
results from the fact that research organizations are 
more or less by definition a minority organization, 
even in operations where it is strongest. Its population 
probably will not exceed one out of fifty in an integrated 
Research, Development, and Production; or Research, 
Development, and Operations organization. This 
places a heavy burden on research organizations in 
properly presenting their views and in the staying 
power required to maintain these views over a long 
period of time. They must avoid the pitfall of be- 
coming apologetic or defensive about their operations, 
must be entirely objective and competent, and, where 
programs are obviously of an exploratory nature with 
no reasonable possibility of the planned end point 
being guaranteed to arrive on schedule, of clearly 
stating the real nature of their proposed program and 
the needs for it even though it may be tenuous in some 
respects. 


As it is much easier for next steps in research pro- 
grams to be seen clearly by the research groups working 
on the problems in industry, governmental contract 
administration procedures should be modified to allow 
the latitude necessary to cover the budgets needed 
by industry research groups to pursue the needed work. 


In conclusion, while recent progress has been great, 
a large job faces the aeronautical electronics and con- 
trols industries in fulfilling the military needs for auto- 
matic flight controls for current and future manned 
aircraft. It is to be expected that at least three gen- 
erations of equipment and 10 to 15 years’ time will be 
needed to complete the job that can be seen now. 
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INTRODUCTION 


Ov FASCINATING ASPECT about aviation 
frequent and sometimes startling opening of new 
fields of development which challenges the best in 
engineering ability. We have already entered the jet 
era, and now find ourselves engaged intensively in the 
process of refining, perfecting, and adapting many 
mechanisms and devices used on earlier, slower air- 
planes to the requirements of these new high-speed 
transports. 

Automatic flight has been an exciting consideration 
ever since Lawrence Sperry won the French contest in 
1914 for a safe airplane equipped with an automatic 
pilot. The automatic pilot became a factor for serious 
consideration in transport aviation when it was first in- 
stalled in the Boeing 247 in 1934. Automatic approach 
became an intriguing possibility during the long series 
of trials that United Air Lines, Inc., conducted at 
Oakland during 1938-1940 with the A-3 vacuum auto- 
matic pilot. The possibility became a probability with 
the development of the postwar electronic automatic 
pilot. But before it became dependable and usable in 
transport aviation, automatic approach still had to 
await improvement in the ground equipment, the local- 
izer and glide path, and also the more perfect matching 
of the air-borne units to the control characteristics of the 
airplane. As in many other necessary devices now in 
common use, the automatic pilot has traveled a rocky 
road in its development through the past years to arrive 
at its present state of refinement and acceptance by the 
air lines. 

This does not mean that the air-transport industry 
has even yet completely accepted the automatic pilot as 
a profitable and necessary device for efficient operation 
of transport planes. Manufacturers and proponents of 
automatic pilots in the air-transport industry still have 
a selling job ahead to convince some operators that the 
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ECONOMICS OF CRUISING FLIGHT 


In marine transportation, automatic steering has 
been in use for many years. In this field it is well 
recognized that the automatic pilot can steer a 
straighter course than the quartermaster in the wheel- 
house—enough straighter perhaps so that the distance 
aved, together with the lower fuel consumption, more 
than pays for the automatic steering equipment. 
\lthough for years everyone having anything to do with 
the flight end of an airplane has observed that the auto- 
matic pilot flew a straighter, more level course than the 
manual pilot, the savings resulting have never been 
adequately analyzed and evaluated from factual re- 
worded data. Recently some attempts have been 
made to record and evaluate the paths made good on 
DC-7 transcontinental nonstop schedules flown with 
and without automatic pilots. Although the analysis 
of much of the latest recordings is not complete, certain 
trends are indicated and support other recordings of 
more limited scope. The following paragraphs will 
discuss the economics of the automatic pilot with re- 
ect to straightening of flight paths, shortening of 
distances, and reduction of flight times. Supporting 
data are taken from two separate recordings and actual 
logs of transcontinental nonstop flight times of the DC-7. 

In October of 1954, Arthur E. Jenks of the CAA made 
available a recorder and accompanied several trans- 
continental nonstop flights. He obtained a recording 
of flight paths showing deviations in heading only on 
portions of the nonstop flight flown manually and with 
automatic pilot. The results derived from these re- 
cordings are shown in Figs. 1, 2, and 3. The period of 
time covered is 5 hours. 


Fig. 1 plots percentage of cruising flight time, during 
which heading errors were maintained, against the 
magnitude of the heading error in manual flight. Asan 
example, for 24 per cent of the time there was a heading 
error of 2°, 

Fig. 2 shows the number of times heading errors of 
specified magnitude were recorded during 5 hours. 
For example, 3° heading changes occurred 79 times in 
the 5 hours. 

Fig. 3 shows the total time in minutes during which 
rates of heading changes were maintained. For ex- 
ample, 6° per min. heading changes occurred for about 
32min. during the 5 hours. 

These three charts show what occurs during manual 
operation of the airplane. The record of a similar 
fight on automatic pilot shows that heading changes 
ocurred only when the pilot purposely changed course. 

The charts show only the lateral deviations. They 
tannot be used to evaluate speed differentials between 
manual and automatic pilot operation, since several of 
the essential factors are missing. The recordings do 
‘how what is happening to the heading and give an 
indication of what an automatic pilot can save. Prob- 
ably the largest factor missing from the recordings is 
the effect on air speed. When the plane is flown manu- 
illy, corrections for small deviations are usually made 
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with a slow skid and with the wings level rather than 
with a coordinated turn. The passengers do not feel 
such turns or sense them in any way. Such small 
angles of yaw held for an appreciable time have some 
effect on the air speed, as the fuselage and fin drag is 
greater than when the plane has no yaw. We are at- 
tempting to evaluate all the factors that affect air speed 
from test, but at this writing the figures are not avail- 
able. 

The DC-7 nonstop transcontinental operation was 
started with automatic pilots inoperative. After about 
2 months, the automatic pilots were progressively 
activated over a period of several months. Through- 
out the installation period, there were flights flown by 
airplanes over the same routes, at about the same alti- 
tudes, through the same air masses, at the same cruising 
power, with and without automatic pilots. After care- 
ful comparisons of all factors, it was possible to pick out 
29 pairs of flights with and without automatic pilots, 
each pair being flown under generally the same meteor- 
ological conditions and over the same routes at similar 
altitudes and maximum cruise power. Table 1 shows 
the results of this comparison. 

Net saving westbound: 


+113/17 = +6.65 min. 
Net saving eastbound: 
+69/12 = +5.75 min. 
Average: 
(6.65 + 5.75)/2 = 6.20 min. 


This comparison shows an average of 6.2 min. saved 
per transcontinental nonstop trip by using the auto- 
matic pilot. On shorter trips flown by the rest of the 
DC-7 operation, the saving would be less because the 
cruise time is shorter. Assuming that the average sav- 
ing on the rest of the operation is half that of the trans- 
continental nonstop, the annual saving in dollars— 
using direct operating costs only and neglecting a pos- 
sible saving in indirect cost—is $250,000 by using the 


TABLE 
—Westbound Flights— —-Eastbound Flights—~ 
Date Time Difference Date Time Difference 

6/21/54 +7 6/18/54 —1 
6/28 +7 6/19 +11 

7/1 —10 6/21 —7 

7/3 +2 6/30 +28 

7/8 +1 ifs +1 

7/10 +3 7/7 +3 

0 7/8 —3 

0 7/9 +16 

7/13 +2 7/12 —5 

7/14 -9 7/20 +27 

7/16 +27 7/22 +2 

7/17 +35 9/18 —3 

7/25 +17 

7 /26 +6 

7/30 

9/22 +11 

9/24 +25 


Plus (+) indicates shorter time in minutes with automatic 

Minus (—) indicates longer time in minutes with automatic 
pilot. 
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witomatic pilot on the fleet of 25 DC-7’s. The cost of 
»mortizing and maintaining the automatic pilots is 

188,800. The net saving is $61,200 per year. 

The flights used in this comparison have in them all 
he elements that go into the actual operation of the 
Meet. The net result, although derived from fewer 
omparable flights than is desirable, should weigh heav- 
——1 fy with the practical operator who thus far has been 
unable to obtain data on the automatic pilot saving 
ineruise flight. 


PERFORMANCE 


The automatic flight control system in the DC-7 
s the A-12 Gyropilot®. This installation is probably 
the most up to date in the industry. Behind this 
atremely successful system is a story of difficult prob- 
lms encountered and worked out in preceding airplane 
types. In the case of the DC-7, a cooperative study— 
in which the airplane manufacturer, the air-line opera- 

tors, and the equipment manufacturer participated— 
At cont, [did much to account for the success of the installation. 
we we” | The automatic flight control performance that has 
been obtained in this installation is shown in the follow- 
ing series of recordings. Most of these data were ob- 
tained during acceptance tests, but the heading records 
in Figs. 11, 12, and 13 were made during regularly 

sheduled flights. Fig. 4 shows the short-period re- 
P00 sponse in pitch for both the cruise and approach con- 
APS 20 DESRES figurations. This type of measurement is made by 
manually overpowering the elevator and then abruptly 
releasing it. The return to level attitude is both rapid 
and well damped. In the approach configuration the 
damping is slightly less than during cruise but still 
satisfactory. 

The response of the system to command changes in 
pitch is shown in Fig. 5. Here the attitude assumed by 


{$+ = | the airplane is compared to the signal that is command- 
{-{-= | ing the change. Fig. 6 is a recording of the altitude 
i++ | control operation, showing the ability of the system to 
{+= | hold altitude and also its response to a disturbance. 


Again, the disturbance is created by overpowering the 
devator until sufficient altitude error is built up, then 
releasing it. Lateral axis performance of similar na- 
ture is shown in Figs. 7 and 8. 

Some very interesting results of flight tests of the 
new radio beam coupler are shown in Figs. 9 and 10. 
The radio beam coupler is replacing the automatic ap- 
proach control since it provides more accurate path 
following with a greater margin of stability. To indi- 
cate the path accuracy and stability which have been 
obtained, the beams were displaced and then returned 
to their original position. Both the beam position and 
; the path of the airplane are shown. Displacement of 
AM the beams was simulated, of course, by switching in an 
equivalent signal. 

Fig. 11 is a recording of heading maintained by the 
i automatic flight control system. It also shows heading 
maintained by the pilot immediately after the auto- 
matic pilot was disconnected. Figs. 12 and 13 show 
heading changes during both manual and automatic 
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approaches. The relative smoothness of the automatic 
approach is apparent. 


NEW REQUIREMENTS 


While the performance of the automatic flight control 
system in present-day aircraft is quite satisfactory, the 
air-line operator is now concerned with planning for the 
time when his routes will be traveled by high-speed, 
turbine-powered aircraft. He foresees a whole new 
series of these aircraft that will have a significant in- 
crease in speed and also new and more critical flight 
characteristics. A great deal of thought and planning 
is being directed toward the new operational practices 
that will inevitably come about. We have had ex- 
perience with military aircraft, forerunners of our com- 
mercial designs, and we are aware of the British ex- 
perience with the Comet. There is, indeed, a belief 
that the importance of automatic flight control will 
increase and that the element of choice with respect to 
the use of this equipment will disappear. To realize the 
full benefit of automatic flight control, however, the new 
requirements that high-speed transportation will in- 
volve must be recognized, and equipment must be de- 
veloped to meet these needs. 

The characteristics of high-speed, turbine-powered 
aircraft as they may affect new automatic flight control 
systems may be classified as those having to do with 
(1) aircraft design and (2) operational procedures. 


Effect of Aircraft Design 


From the point of view of aircraft design, the in- 
creased speed and the spread between maximum and 
minimum speed are major factors. The influence of 
increased speed is felt directly as it affects the control 
of flight path and indirectly because of those aero- 
dynamic design characteristics that make high speed 
possible. While turbine-powered aircraft will fly at 
high true speeds, indicated speeds will be low during 
normal high-altitude cruise. Control surface effective- 
ness will vary through a wide range, and the automatic 
flight control system will have to account for this by 
some automatic means. 

Because of high true air speeds, a change in pitch 
attitude will have a proportionately greater effect on 
rate of climb or descent. The need for precise response 
to commands for small pitch changes will be corre- 
spondingly greater. This may be a requirement in 
itself to provide accurate pitch control, or it may be 
required for control to other references such as air 
speed. In the case of the turbojet aircraft, both the 
thrust characteristics of the engine, especially at ap- 
proach speeds, and the aerodynamic cleanness of the 
airplane without drag brakes contribute to a longer 
time for the aircraft to respond to power changes. 
This affects the ability of the aircraft to make the transi- 
tion from climb to cruise, from cruise to descent, and 
from cruise speeds to turbulent air speeds and also in- 
fluences its ability to maintain constant speed during 
approach. 
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AUTOMATIC FLIGHT CONTROL 


The high-speed aircraft may be expected to have 
considerably longer phugoid periods. The phugoid 
period increases roughly in proportion to the true air 
speed, and periods of the order of 2 min. and greater 
can be expected. The longer phugoid periods will place 
more severe requirements on gyro references and on 
servo positioning accuracy. 

Where swept-wing designs are used, the damping in 
the lateral axis will probably be insufficient unless a 
special damping means is provided. The familiar 
dutch-roll oscillation associated with swept-wing de- 
signs will require additional emphasis on precise posi- 
tioning of the rudder and also upon the minimum dead- 
spot that can be tolerated. Small control surface 
motions become important in the aileron axis as well, 
since precise control in roll for small motions of the 
airplane is necessary in order to help damp out the 
dutch-roll characteristic. 

From this discussion it is apparent that the design 
of the flight control system may be quite critical from 
both the manual and automatic control standpoint. 
In general, the effects of nonlinearities will tend to intro- 
duce objectionable aircraft motions in the small 
amplitude range. Somewhat different characteristics 
may be expected, depending upon whether control is 
obtained entirely through aerodynamic means or 
whether hydraulic boost systems are used. In either 
case, it is desirable that a system be devised which 
permits manual control characteristics of the desired 
type and yet allows completely independent control for 
automatic operation. 


Effect of Operational Procedures 


On long-distance flights the heading accuracy main- 
tained by the automatic control system will affect the 
time of flight in much the same manner as in present air- 
craft. The importance of aircraft trim will be greater 
because slight out-of-trim conditions will have a greater 
elect on drag. Again, the need is emphasized for ac- 
curate stabilization of the airplane for small motions and 
over long periods of time. 

In turbine-powered aircraft the procedures used for 
cruising to obtain the most economical flight will differ 
greatly from presently operated aircraft. In aircraft 
powered with reciprocating engines cruising flight takes 
place at constant power and constant altitude. In 
turbine-powered aircraft both air-frame and engine 
characteristics determine the conditions for best cruis- 
ing operation. With certain cruise flight procedures, 
the altitude increases slowly throughout the cruising 
portion of the flight. While the conditions for maxi- 
mum cruising economy can be defined and simplified 
procedures can be worked out, it is not yet determined 
to what extent such procedures can be used from the 
traffic-control viewpoint. 

Many of the very short air-line routes are not profit- 
able today and may even represent a loss to the air-line 
operator. Services on these routes are naturally kept 
toa minimum, and some air lines do not use automatic 
flight control in these operations. It is expected, how- 
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ever, that increases in population density and greater 
acceptance of air transportation by the public will 
chanpe the present economics of route structures. On 
the larger transport systems in particular, increased 
nonstop service directly between large population 
centers will be provided, and this will influence the type 
of transport which is developed. The replacement for 
present twin-engined short-range transport aircraft 
will probably carry 55-65 passengers at an average 
speed of 325-350 miles per hour. It will undoubtedly 
be turboprop powered. It is expected that the use of 
automatic flight control in short-range transport op- 
erations will increase greatly, and this will influence the 
development of new systems. 

The e :pected increase in short-range operations will 
require more emphasis on the climb and descent por- 
tions of the flight. The climb and descent phases be- 
come more important, too, because, with higher cruis- 
ing altitudes, they consume a greater proportion of the 
total flight time. The approach and landing phase 
will receive greater emphasis when automatic flight 
control is in widespread use for short-range operations, 
as will the transition from descent to approach and from 
approach to visual contact. 


Specific Requirements 


Specific requirements that new automatic flight 
control systems will have to meet may be classified in 
this manner: 

(1) Improved accuracy of components and _ sub- 
systems. 

(2) Improved airplane flight control characteristics. 

(3) New flight functions to be performed. 

(4) New and simpler procedures for the pilot. 

(5) Minimum complexity and increased reliability. 

The accuracy of the servo system should be stressed. 
The servos should have the ability to move the control 
surfaces through extremely small angles even though 
relatively high breakaway forces exist. Furthermore, 
the response of the servo system at small amplitudes 
should contribute a minimum of phase lag so that the 
automatic flight control system will be able to damp out 
any tendency toward small amplitude oscillation. Cer- 
tain parameters in the automatic flight control system 
which are critical to speed or other changes in con- 
figuration will be varied automatically to hold approxi- 
mately constant sensitivity. Maximum servo force 
may also have to be varied automatically to ensure 
safety and at the same time allow good performance 
throughout the entire range of operation. Fig. 14 isa 
chart relating maximum allowable servo force to control 
system nonlinearities for different series of aircraft. 
The range of force to produce one maneuvering g is also 
shown. The chart highlights the importance of the 
ratio of maximum servo force to friction and preload. 

The accuracy of the vertical gyro should be such 
that it is unaffected by either fore and aft or lateral 
accelerations. This means that the erection sensitivity 
should be sufficiently low that negligible precession of 
the gyro takes place during periods of long, slow ac- 
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celeration and deceleration. The time constant of the 
erection system should be at least equal to, and prefer- 
ably greater than, the phugoid period of the airplane in 
seconds per radian. The vertical reference may also be 
compensated for accelerations—that is, accelerations 
may be measured and compensating torques applied to 
the gyro. The directional reference should be suitable 
both for coupling to a magnetic reference and for use asa 
free gyro in high latitudes. When the directional gyro 
is monitored by a magnetic element, the coupling must 
be extremely loose so that the system will be stable on 
North headings. Both the characteristics of the direc- 
tional system and the sensitivity of the vertical gyro 
to lateral accelerations affect the stability of the system 
on North headings. 

The automatic flight control system will be required 
to perform new flight functions during climb and cruise. 
For climb and descent the control of pitch attitude alone 
may be insufficient, and more direct references such as 
rate of climb or air speed may be used. Either of these 
types of control will give the pilot a means of climbing 
or descending more appropriate to his needs. During 
the cruise portion of the flight, a different mode of 
control may be required. The reference for this mode 
may be a simplified computer that will determine the 
approximate conditions for maximum economy and 
control the pitch attitude accordingly. 

Pilot flight procedures will change considerably in 
high-speed airplanes. A determined effort is needed to 
relate more intimately the procedures used in manual 
flight to those used during automatic control. One 
area where this may be fruitful is in the method of 
commanding maneuvers, turns, and pitch changes. 
Considerable progress along this line was made when 
the control knobs for maneuvering were grouped to- 
gether and their motions related to the desired motions 
of the aircraft. The next step should require from the 
pilot no more than one method of commanding ma- 
neuvers, whether he is flying the airplane manually or 
under automatic control. From the pilot’s point of 
view, the transition from manual flight to automatic and 
from automatic to manual is a region requiring im- 
provement. The pilot should not be required to level 
the wings accurately nor to trim the airplane with care 
when turning on the automatic flight control system. 
Procedures for entering the approach phase after the 
descent from altitude should be simple. During an 
automatic approach, continuous monitoring of the 
operation by another flight reference is required. In 
the event the pilot decides to discontinue an automatic 
approach but to continue the approach manually, an 
indicating system that has been continuously in opera- 
tion must be immediately available for his use. Transi- 
tion from automatic approach to visual contact and 
manual landing must require no special procedures. 

Because of additional requirements on accuracy and 
because more flight functions will be performed auto- 
matically in high-speed aircraft, it is almost inevitable 
that the complexity of the system will increase. Along 
with increased complexity, there is danger of less reli- 
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ability when in fact more reliability is needed. Ther 
are two approaches to the solution of this problem, ang 
both will have to be pursued. The first approach deals 
with components and the use of more recently developed 
elements. These must be utilized in a manner that 
In other 
The use of com. 
ponents or combinations of elements that are identical 
but are used repeatedly to build up more complex units 
can increase reliability, since a greater degree of re. 
finement of the elements is possible, and because routine 
maintenance is made easier. 

The other approach to countering the result of in. 
creased complexity is the integrated system idea. This 
is much more sweeping in concept, and if applied ina 
broad sense can actually reduce overall complexity. 
In this case the integrated system concept involves the 
design of a broader system than the automatic flight 
control. A group of related systems are designed to- 
gether with the common requirement of satisfying the 
special needs of high-speed transportation. Integra- 
tion starts at the cockpit, with the control column and 
with the pedestal controller of the automatic pilot, so 
that the automatic pilot is controlled through the man- 
ual control system. Integration continues at the con- 
trol surfaces, with the automatic pilot servo and power 
control or aerodynamic boost, with semiautomatic con- 
trols, dampers, and the like. Finally, the automatic 
pilot instrumentation is integrated with the instrument 
display to the pilot and with the flight director. Over- 
all complexity can be reduced with this kind of design 
since references and servos can be common to several 
functions 


will provide reliability in early installations. 
words, design must be conservative. 


for example, power control, damper servo, 
and automatic pilot servo can be combined into one. 
Also gyro instruments can be used for multiple pur- 
poses as is done in the new Integrated Instrument Sys- 
tem. Reliability can be increased because an overall 
design can more easily provide for degeneration of the 


complete system into lesser but still operable systems. 
CONCLUSIONS 

An analysis has been made of coast-to-coast DC-7 
nonstop operations to determine the possible saving 
through the use of automatic flight control. A saving 
in flight time of approximately 1'/, per cent is indicated. 
This figure may be low, and further study is recom- 
mended to verify the results. 
The performance of the automatic flight control sys- 
tem in the DC-7 is shown as representative of satisfac- 
tory present-day installations. 
be used as a basis for establishing automatic flight con- 
trol requirements for new high-speed transport. Dis- 
cussion of the characteristics of high-speed, turbine- 
powered aircraft and the probable operational practices 
that will result brings out that the automatic flight 
control system will have to meet many new require- 
ments. Among these are increased accuracy, new 
modes of control, and simplified pilot procedures. The 
tendency toward increased complexity which these new 
requirements encourage must also be met. 
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igang control system designer is forced 
to work with a limited freedom of choice of char- 
acteristics in the instruments needed for missile control. 
For example, the relationship between instrument nat- 
ural frequency and range usually requires a compro- 
mise. Electrical filtering of the instrument output 
may be required to restrict the information to the pass- 
band used in the control system. Or, the instrument 
may have to be used over a range for which it was not 
designed. 

Work at Boeing has, for the last year, been directed 
toward providing missile control instruments in which 
the functional characteristics can be specified inde- 
pendently of one another. A rate gyro with this prop- 
ety has been completed and tested and will be de- 
scribed in some detail. However, it is believed that it is 
possible to go further, using the techniques employed 
in this rate gyro, and build an instrument that performs 
the necessary functions to replace several conventional 
instruments plus their associated electrical circuitry. 

Consider first the rate gyro. The conventional rate 
gyro is a strong example of an instrument in which the 
functional characteristics are interrelated. The form 
of this interrelationship of characteristics is given in the 
expression 


Dn 
\ 
where 
®, = natural frequency 
H = angular momentum of the wheel 
2 = applied rate about the sensitive axis 
I, = moment of inertia of the gimbal about the output axis 


gimbal angular deflection at Q 


Recognizing that J,/H represents the sensitivity of 
the gyro to angular acceleration about the output axis 


Presented at the Flight Control Instrumentation Session, 
Twenty-Third Annual Meeting, IAS, New York, January 24-27, 
1955. 

* Research Specialist. 

t Associate Research Engineer, Instrument Development 
Unit, Physical Research Staff. 


73 


A Wider Choice of Missile Control Instrument 
Functional Characteristics 
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and that sin 6 represents the sensitivity to rate about an 
axis perpendicular to the input and output axes, the 
equation for natural frequency can be considered to 
interrelate all the functional characteristics of the con- 
ventional gyro. 

However, this interrelation of functional character- 
istics can be avoided. First, the angular acceleration 
cross coupling can be eliminated altogether by adding a 
moment of inertia constrained to move in opposition to 
gimbal precession. Second, the natural frequency 
can be independently controlled by providing the cor- 
rect gear ratio between this added moment of inert'a 
and the gimbal. Rate cross coupling can be made 
arbitrarily small by stiffening the gimbal restoring 
spring. 

Fig. 1 shows how the rate gyro parameters must Le 
selected in order to eliminate angular acceleration cross 
coupling and independently control natural frequency. 
Proper selection of the gear ratio and the added moment 
of inertia allow both elimination of angular acceleration 
cross coupling and choice of natural frequency because 
the first power of the gear ratio determines the accel- 
eration sensitivity, while the square of the gear ratio 
determines the natural frequency. And, last, the gyro 
output can be made independent of gimbal travel and 
hence of rate cross coupling by driving the transducer 
with a multiplying linkage. 

Whether or not it is practical to employ these simple 
principles depends on the form that their mechaniza- 
tion takes. The gyro presented here is not complex. 
It uses an oil mass as the added moment of inertia. 
Positive displacement vanes connect the oil mass to the 
gimbal. Proper routing of the oil path provides the 
restraint for the oil to move in opposition to gimbal 
precession, and proper shaping of the oil passage rela- 
tive to the gimbal vanes mechanizes the gear ratio. 

The moving element of the transducer is located in 
the oil path so that the linkage ratio between the gimbal 
and the transducer is mechanized by the ratio of the 
gimbal vane area to the transducer cross-section area. 

Fig. 2 shows the schematic drawing of the rate gyro 
with its reverse oil path. The gimbal axis is perpendic- 
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ular to the plane of the paper. Note that two vanes 
are used, one at either side of the gimbal. The upper 
half of the oil circuit originates at the lower face of one 
yane, passes over the top of the gimbal, and terminates 
at the lower face of the other vane. The lower half of 
the circuit is a mirror image of the top, except that the 
transducer element is located in the bottom of the oil 
path. Precession of the gimbal, for example, in the 
direction shown causes oil to move in the oil path, 
displacing the transducer as indicated. 

The effective radius from the gimbal axis to the oil 
path and the effective cross section of that path deter- 
mine the oil moment of inertia. The ratio of vane area 
to effective oil path cross-section area determines the 
gear ratio. 

Note that the coupling between the gimbal and the 
transducer moving element is not rigid. A controlled 
amount of oil leakage past the transducer is provided. 
The transducer element is neutrally floated in the oil 
and lightly spring restrained to its zero output position. 
This method of coupling the transducer element to the 
gimbal removes the steady-state errors associated with 
bearing friction, gimbal unbalance, and gimbal spring 
hysteresis. The effect on the rate gyro output is to 
discard steady-state rate information. With dynamic 
rate applied to the rate gyro, its output rises approxi- 
mately linearly with frequency in the fashion of a 
first-order system. The break frequency of this first- 
order property can be controlled independently of all 
other characteristics by selection of the oil leakage past 
the transducer element or selection of the centering 
spring stiffness. By choosing a sufficiently low break 
frequency, the missile dynamics are not affected. 

The resulting overall frequency response of this rate 
gyro is characterized by a rapid first-order rise, fo!- 
lowed by a conventional second-order drop. Fig. 3 
isa plot of the calculated response. The points are 
test data. There is some discrepancy in the slope at 
the left side of the curve caused by an error in the stiff- 
How- 
ever, on the linear scale presented here the agreement 
between calculated and test data is good. 


ness of the transducer element restoring springs. 


Fig. 4 is a plot of the calculated angular acceleration 
cross coupling vs. frequency for the subject rate gyro 
and for three conventional rate gyros having the same 
gimbal deflection as the subject gyro. Again, the 
points are test data on the subject rate gyro. The top 
curve is the angular acceleration cross coupling of a 
conventional rate gyro having the same natural fre- 
quency as the subject rate gyro. Note that the verti- 
cal scale is broken. Here the desired frequency re- 
sponse is obtained at the expense of a prohibitive 
amount of angular acceleration cross coupling. The 
next curve down represents a fairly common rate gyro 
design—i.e., 0.0006 sec. time constant. Its natural 
frequency is over twice the desired value. The curve 
below that represents the theoretical limit of a con- 
ventional rate gyro with a 24,000-r.p.m. wheel. Its 
natural frequency is nearly four times the desired value, 
making additional filtering absolutely necessary. 
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Nevertheless, its angular acceleration cross coupling is 
substantially worse than the subject rate gyro. 

The tests on this rate gyro have satisfied us that it is 
practical to build instruments with a wide choice of 
functional characteristics. Turning again to the gen- 
eral problem of controlling a guided missile, we have 
looked to see what instrument characteristics are 
needed. In the general case, the missile’s aerodynamics, 
its structural dynamics, and the control equation chosen 
combine to place a requirement on the phase and ampli- 
tude response of the feedback information. Fig. 5 is the 
typical form of such a curve for missile angular motion. 
The frequency scale is normalized for the missile 
weathercock frequency. The total feedback informa- 
tion is composed of that curve plus properly shaped 
linear acceleration feedback. 

The missile designer ordinarily satisfies these curves 
by employing a number of conventional feedback 
instruments to sense the missile kinematics. Each of 
these instruments requires electrical filtering so that it 
will exclude information in the frequency range not 
used in the control system. The filtered instrument 
outputs are then electrically mixed for use in control 
of the missile. Fig. 6 is a block diagram of this usual 
method of satisfying the feedback requirement. In 
addition, it shows our design goal of providing a single 
instrument that inherently combines the missile motion 
derivatives in a fashion that satisfies the feedback re- 
quirements. 

The mechanism of this instrument is much the same 
as that of the rate gyro. The basic principle is to bring 
hydraulic pressure to bear on a spring-loaded trans- 
ducer element. This pressure must be the sum of a 
number of pressures each of which is proportional to a 
missile motion derivative. In addition, the pressure 
associated with each derivative must have the proper 


Fic. 7. Multiple derivative instrument. 


30 

K 
TRANSDUCER 


76 AERONAUTICAL ENGINEERING REVIEW—MAY, 1955 


| | 


Fic. 8. Multiple derivative capsule. 


frequency response. Fig. 7 is the schematic drawing 
of this multiple derivative instrument. Note that oil 
moving in the lower passage has two parallel paths. 
One is to move the transducer element against the stiff 
restraint of its restoring spring, the other is to pass 
through a series of elements in a by-pass around the 
transducer. The by-pass handles most of the flow so 
that pressure drops can be developed in it proportional 
to missile motion derivatives. The oil is driven by a 
rate gyro so that oil position is proportional to missile 
angular rate. A pressure drop proportional to oil 
position is developed across the spring-loaded plug in 
the by-pass. The next derivative of missile motion 

angular acceleration—produces oil velocity. A _pres- 
sure drop proportional to oil velocity is developed across 


the porous plug in the by-pass. The next derivative 
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system to reach the target, the chances are good that 
it can still be told that New York City is in Alabama 
or off Montauk Point. We cannot forget, either, that 
the enemy knows this to be true and is engaged in 
countering our measures. This is a large field that 
needs a lot of attention. I have thought, on occasion, 
that it should be specified in the design of a new elec- 
tronic system for aircraft that the designer must also 
produce at the same time a study of how his system 
may be countered. Certainly a designer who has paid 
little attention to the antijamming qualities of his sys- 
tem has done less than his full duty. 

In summary, then, electronics and aviation have 
gone a long way together but there is still a longer way 
to go. The electronic designer must direct his efforts 
toward simplifying his equipment and reducing its 
weight and unreliability. Equipment delivered to the 
operating forces must be fully developed and ready to 
operate and must be engineered for the purpose at hand. 
The designer must avoid overengineering the problem 
or wasting his efforts in the achievement of minor or un- 
rewarding goals. The airplane designer must avoid the 
pitfall of using electronics solely for the sake of using 


of missile angular motion—angular jerk—although 
not commonly used, is helpful in shaping the feedbag; 
curve. It produces oil acceleration. A proportiong 
pressure drop is developed across the Venturi in th 
by-pass. These series pressure drops bear on the trans. 
ducer element, deflecting it proportionally against its 
spring. Linear acceleration is sensed by having the 
transducer element denser than the oil. The prope 
frequency response for the linear acceleration informa. 
tion is obtained by shaping the Venturi in the by-pas 
so that it will present the correct amount of effective 
oil mass to the transducer element. 

Fig. 8 shows a design drawing of a capsule that can 
be inserted into the oil path of the existing rate gyro to 
convert it to the multiple derivative instrument, 
Details of the design appear practical for an instrument 
having the characteristics required to control a high- 
performance guided missile. 

In summary, it can be said that a rate gyro has been 
built in which the functional characteristics have been 
specified independently of one another. 


The gyro has 
been shown to perform as designed. 


Such instruments 
could be used in missile control systems with increased 
missile reliability and decreased complexity. 

Using the techniques demonstrated in the rate gyro, 
an instrument is proposed that performs the functions 
of a group of missile control instruments plus associated 
electronic circuitry. Use of such an instrument offers 
the possibility of greatly increased missile simplicity 
and reliability. 


(Continued from page 58) 


electronics or of attempting to compete in electronic 
design with the man whose experience and capabilities 
cannot but make him superior. Together they must 
cooperate to the fullest in the joint design of airplane 
and electronic gear to assure maximum returns from 
both. 

Finally, I firmly believe in feet-on-the-desk research 
and the setting of the development goal before starting 
the development. Perhaps some of you remember the 
story of the boy and his grandfather who stepped out 
of the back door of the farmhouse just after a new fall 
of snow had left a glistening blanket on the fields. 
Looking across the field to a tree on the other side, the 
boy said, ‘‘Grandfather, let’s see who can walk the 
straightest toward that tree.” Despite watching his 
feet very carefully to be sure he placed each one directly 
ahead of the other, when they reached the tree and 
looked back, the boy saw that his tracks wandered quite 
a bit, whereas his grandfather’s were straight as a 


string. ‘How did you do that, Grandfather,” asked 
the boy. ‘That was easy, Son, I just watched the 
tree.’’ Our tree is simply the winning of the war 


against any possible enemy. Let’s keep our eyes on it. 
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Ff’ YEARS MAN FLEW AIRCRAFT by the seat of his 
pants and a magnetic compass. World War II 
brought the remote magnetic compass and the direc- 
tional gyroscope into almost universal use. The former 
was one step better than the magnetic compass since 
the primary detector could be located remote from the 
cockpit in a “‘magnetically clean’’ location in the plane. 
But acceleration and turn errors were still present. 

The directional gyroscope overcame these problems 
and introduced a new one—drift. By periodically set- 
ting the gyroscope to the compass heading during straight 
and level flight a great gain in compass navigation accu- 
racy was obtained. 

Pilots were not setting their gyros to compass head- 
ings for long when it was realized that such an opera- 
tion could be better performed automatically. Thus 
was born the compass-controlled directional gyro sys- 
tem.' In this system (see Fig. 1) a remote compass 
transmitter is the primary detector of direction. By 
comparing the position of the compass to that of the 
gyro through a suitable pickoff on the gyro an error 
voltage is produced which is phase sensitive to the dif- 
ference in positions. This voltage is amplified to ob- 
tain sufficient power to precess the gyro by a torque 
motor until the gyro is synchronized to the compass 
transmitter. By continually correcting the gyro at a 
slow rate drift errors are eliminated, while its momen- 
tum prevents the gyro from following the “wobbling” 
of the compass. Thus the pilot has a suitable drift- 
free indication of heading. 

Lately a new requirement has become of prime im- 
portance—namely, a low free-gyro drift rate. When 
compass-slaved operation is satisfactory, a relatively 
high drift is acceptable from the gyro as long as the com- 
pass transmitter is sufficiently accurate to correct it. 
Today’s flying requires compass information at times 
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A Compass-Controlled Directional Gyro System for 
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when the compass transmitter is not sufficiently accu- 
rate. Such conditions exist during polar flights and oc- 
casionally during GCA landings. In the former case 
the horizontal component of the earth’s magnetic field 
is insufficient to detect accurately. In the latter, local 
magnetic disturbances can cause gyro precession re- 
sulting in deviation from a straight flight path. Under 
such conditions it is necessary to use the gyro alone as 
the heading reference, and the requirement for a low 
drift characteristic becomes obvious. 

The G-2 Compass is now becoming obsolete, not from 
principle but because today’s fighter aircraft require 
even better accuracy ; and with standardization on omni- 
range’s radio magnetic indicator there is no place in a 
crowded instrument panel for the gyro element. 

With this introduction we will now discuss the Navy 
type MA-1 Compass System developed by the General 
Electric Company to meet the Bureau of Aeronautics 
specifications for a system to succeed the G-2 Systein. 

After considerable development and specification re- 
view, the MA-1 Compass System was starting to take 
shape by mid-1951. One of the first requirements, and 
probably the only one that was never changed, was a 4° 
per hour maximum drift rate when operated as a free 
gyro—that is, without the compass-slaving feature in 
use. This was further expanded to include a 4° per 
hour maximum drift rate any place in the world which 
required some means to compensate for the apparent 
drift of the gyro due to the earth’s rotation, or as it is 
now commonly known, ‘‘Latitude Control.’’ During 
extensive successful flight tests of a development sam- 
ple unit, it was possible to evaluate system features 
under operating conditions and determine what require- 
ments were necessary for further production design. 

The new specification requires a 4° per hour maxi- 
mum system drift limit at any latitude under any var- 
iation of voltage, frequency, or temperature normally 
encountered in flight. This drift is the actual drift 
compared to a perfect system and not random drift, 
which is essentially the difference between peak and 
average driftinagivenrun. In addition to the require- 
ment of operating as a free-gyro system, provision is, of 
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Fic. 1. Navy Type G-2 Compass System 
remote compass transmitter, gyro master direction indicator, 
and amplifier). 


to right: 


ae 


MA-| COMPASS SYSTEM Fic. 5. Cutaway view of remote gyro. 
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: - = © olle MA-1 Compass System. 
Fic. 2. Block diagram of Navy Type MA-1 Compass System. Fic. 6. Controller for MA-1 Compass Systen 


Fic.3. Navy Type MA-1 Compass System (left to right:  re- 
mote compass transmitter, amplifier and servo, remote gyro 
and controller). 


Fic. 7. Amplifier and servo unit for MA-] Compass System 


. 
Fic. 4. Remote gyro tinit with gyro element showing symmet- 
rical motor design of high momentum-to-weight ratio. 


Fic. 8. 
showing ‘ 


Amplifier and servo unit for MA-1 Compass System 
‘plug-in’”’ components removed for simplified servicing. 
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course, made to operate the system with the gyro ele- 
ment slaved to the compass transmutter. This latter 
mode of operation is normally used except for polar 
fight or unusual conditions such as GCA landings as 
mentioned before. 

To meet the basic requirements of a 4° per hour free- 
gyro drift rate two possible approaches were considered. 
The first was to make the gyro big enough to swamp 
out any loads connected to it. The second was to iso- 
late any load torques from the gyro. The latter method 
was chosen since the designer has no control over the 
load that might be coupled to the system. The ARN- 
14 or ARN-21 omnirange system that is frequently 
used with the MA-1 Compass presents a serious load 
requirement particularly during low temperature oper- 
ation. This isolation feature adds complexity although 
the overall system weight is not greatly affected since 
asmall accurate gyro can be used. Further, the drift 
accuracy of the gyro can be depended upon since there 
are no variable reflected load torques. 

The block diagram (see Fig. 2) shows the functional 
operation of the gyro compass system. First consider 
the operation of the system as a compass-slaved direc- 
tional gyro. 

A synchro transmitter pickoff on the gyro feeds 
through a differential synchro, operated by the manual 
set knob, to the follow-up control transformer on the 
servo unit. If the synchro transmitter and control 
transmitter are not synchronized (as modified by the 
manual set differential synchro) an error signal is de- 
veloped by the follow-up synchro control transformer, 
amplified and used to drive the follow-up synchro to 
synchronization. Geared to the control transformer 
are the detector and output synchros, 

If the detector synchro and the compass transmitter 
are not synchronized, an error signal is generated by 
the detector synchro, amplified and used to precess the 
gyro, which is followed by the servo, until synchroni- 
zation occurs. For quickly setting the heading the 
pilot turns the manual set differential synchro until 
the detector is synchronized with the compass trans- 
mitter as indicated by the synchronizing indicator. A 
leveling pickoff on the gyro produces a phase-sensitive 
signal that, when amplified, is used to erect the gyro 
toa level position. 


During free-gyro operation the amplified compass 
eiror signal is removed from the gyro precessing torque 
motor, and a suitable current provided by the latitude 
control is applied to precess the gyro at the proper rate 
to offset the effect of the earth’s rotation. By means 
of the manual set knob, the desired heading can be 
quickly set. 

It is recommended that navigational equipment, in- 
cluding repeater synchros, be operated from the servoed 
output synchro, while the autopilot, when required, be 
operated directly from the gyro output synchro. This 
permits changing the heading setting at will without 
affecting the autopilot. Should it be desirable to oper- 
ate an autopilot from the servoed output, a switch is 
included in the controller to disable automatically the 


autopilot if the heading is changed. This prevents 
any violent maneuver should the pilot accidentally 
change the system heading while the autopilot is 
engaged. 

The General Electric version of the MA-1 Compass is 
packaged in four units (see Fig. 3). The compass 
transmitter shown is a new development now being 
placed in production. It is of the earth inductor type 
containing no moving parts except that the element is 
pendulously supported. Improvements over pre- 
viously available transmitters include: 

(1) No effect from accidental exposure to permanent 
magnetic fields. 

(2) 125°C. ambient temperature operation. 

(3) Hermetic sealing. 

(4) Small size for thin wing aircraft or tail mounting. 

The gyro unit (see Fig. 4) is a remotely mounted unit 
and hermetically sealed. The heart of the gyro is a 
new motor of completely symmetrical design with a high 
angular momentum to weight ratio. This character- 
istic is obtained by dispensing with the conventional 
motor frame or gimbal and the use of titanium rotors 
supporting tungsten alloy rims, thus placing the major 
weight of the rotating elements at the greatest radius. 
The overall result is a motor of minimum static weight 
and maximum angular momentum, or, minimum fric- 
tion with maximum torque. Objectionable torques 
such as windage, spiral, mass shift, and bearing friction 
have been kept to a minimum throughout the design. 

Two coils mounted on the main gimbal (see Fig. 5) 
intercept the leakage flux of the motor, producing a 
signal that is phase and amplitude sensitive to the po- 
sition of the rotor with respect to the main gimbal, which 
is used as the leveling reference. The leveling torque 
motor is of the hysteresis type, while the precession 
torque motor operates on direct current thus prevent- 
ing any accidental coupling effects. 

A small window in the case of the gyro permits ob- 
servation of its performance, and a calibrated dial is 
provided on the major axis for test purposes and as a 
convenience for calibration. An internal brake is pro- 
vided to prevent any possible nutation while coming up 
to speed or spinning when power is removed. The case 
must be mounted vertically but the angular position 
is immaterial to the operation of the System. The 
overall dimensions of the gyro are 7°/s in. high by 61/4 
in. in diameter. The weight is 5!/, Ibs. 

The controller unit shown in Fig. 6 contains all the 
controls for the operation of the System and is mounted 
in the cockpit. The left-hand knob (which returns to 
neutral automatically to prevent accidental setting) is 
used to set the system to the desired heading. Under 
compass-slaved operation the synchronizing indicator 
(center top) permits the operator to do this without 
reference to other indicators. The synchronizing indi- 
cator continues to monitor the system heading with the 
compass heading as a check on the operation of the slav- 
ing circuits. A red flag in the synchronizing window 
disappears from view when power is applied to the sys- 

(Continued on page 119) 
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Systems Approach has affected many fields 
within the past few years. Aerial photographic 
reconnaissance and aerial survey have been no excep- 
tions. Perhaps it has been even more strongly evident 
in this field than in many others. The effects of this 
approach are broad, influencing not only the design 
and manufacture of aerial photographic systems but 
also contractual and economic relations—and even 
end performance capabilities and requirements as well. 
In the design of aerial photographic systems, this ap- 
proach has done a great deal, within a relatively short 
length of time, to accelerate significantly the 
ment of the art. 


advance- 


When one considers this subject of the Systems 
Approach, one soon finds it is quite complex. The 
very word ‘‘system’” has many meanings. Used with 
respect to aerial reconnaissance, it still 
several things. There are both major and minor sys- 
tems. There are systems within systems. In the 
broad, overall area, there is the Defense System. 
Within it, as one of its many functional parts, there is 
an Intelligence System. Within this category, there 
are also many parts—one of which is the Aerial Re- 
connaissance System. Even at this level a system 
has many facets and encompasses many functions. 
It comprises, among the more important things, the 
equipment necessary, the techniques for the opera- 
tion and use of the equipment, and the organizations 
and the people who operate it. Each of is 
inseparably related to each of the others. Its opera- 
tion also breaks down into a number of functions in- 
cluding Operations Planning, Data Collection, Data 
Processing, Interpretation, Presentation, and Distribu- 
tion. Each of these is also inseparably related to each 
of the others. Again, within this system, considering 
one of the parts—such as the Data Collection System— 
we find that this in turn consists of a number of parts 
or smaller systems. A typical breakdown would cer- 
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tainly include the aircraft, the photo system, the nay; 
gation or guidance system, and the supporting equip 
ments and systems. Finally, the photo system woul 
include several parts such as cameras, mounts, controls 
power supplies, and perhaps many more items depené. 
ing on the particular case. 

Systems Design and Systems Development are not 
new discoveries. The aircraft companies and the 
military organizations have been doing this for years, 
Aerial survey and reconnaissance have always involved 
systems. The first time an aerial camera was put into 
an aircraft, a system was formed. With the ever. 
increasing demands for greater performance and more 
capabilities, these systems have 
more complex. 

There are two basic approaches to systems design 
in photo-reconnaissance—namely, a component ap- 
proach and the systems approach. In the component 
approach, the system design and capabilities are de. 
pendent upon the capabilities and characteristics of 
the components. It might be said that the system is 
the dependent variable and the components the in- 
dependent variables. This has been the traditional 
approach and is still no doubt the one that most 
designers and manufacturers feel at home with. In 
the systems approach, however, the components 
characteristics are established by the systems require- 
ments. The system becomes the independent variable 
and the components the dependent variables. Figs. 
1 and 2 illustrate the essential differences between the 
component and the systems approach, as interpreted 
here. 

Let us first consider the component approach. Fig. 1 
represents a block diagram of the steps involved in 
the system design process under this scheme. There 
are actually two starting points, and the process in- 
volves a certain amount of compromise in order to 
bridge the gap between them. 

One starting point is the availability of components 
to do most of the jobs desired. In the photo-recon- 
naissance field, equipment is generally designed and 
manufactured as components but used as parts of 
systems. Behind the existence of available components 
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js, therefore, consideration of the various applications 
for the components. This involves some investiga- 
tions of probable system requirements and analyses to 
determine the requisite component characteristics. 
The component manufacturer takes into consideration 
all the applications he knows of and establishes his 
specifications to satisfy the largest number of uses he 
can accommodate. Having established his design, 
he produces the component and attempts to sell it 
either as is or with minor modifications to everyone 
having a use for it. 

The other starting point is the end customer with a 
new system requirement. When the customer has de- 
fned his problem, the system designer attempts to 
visualize how he can put together various available 
components to form a system that will do the required 
job. The evolution of his functional outline is some- 
what of a juggling process. The functional outline 
is considerably dependent upon the characteristics and 
capabilities of the available components. He carefully 
analyzes these characteristics, the inputs and outputs 
and the ways the various components work together 
and effect each other. He may request modifications 
to existing components. Or he may interpose a new 
component—an adapter, in effect—between existing 
components to complete the outline of the system. 
This obviously influences component specifications 
and form, and it tends to keep the status of available 
components up to date with the various applications. 
Effective system design under this scheme is dependent 
upon the existence of a large store of diversified com- 
ponents covering a wide variety of functions. 


Fig. 2 portrays the systems approach as envisioned 
in its application to the design of photo-reconnaissance 
equipment. Here there is a single starting point—the 
customer with his definition of a job to be performed 
by a system. The system designer analyzes the re- 
quirements of the job and proceeds to outline a system 
to satisfy the requirements. His next step is to de- 
termine the component specifications—their features 
and performance requirements necessary to fulfill the 
system requirements. From here, the process pro- 
ceeds along two paths. One concerns the survey of 
existing components, their characteristics and _per- 
formance. The other concerns the design investiga- 
tions of the possibilities and potentialities of new 
component designs. Affer analysis of the system 
performance obtainable from both these methods and 
even from combinations of both, the system designer 
reconsiders his functional outline and evaluates other 
variations of it which may be indicated by the various 
component possibilities he has explored. Finally, 
taking into account a number of different factors, he 
selects the optimum combination for the make-up 
of the desired system. Detailed component specifica- 
tions must then be prepared for all parts of the system. 
If individual components do not already exist to meet 
these specifications, they must be designed, manufac- 
tured, and tested. In choosing between the use of an 
existing component and the design of a new one, a care- 


8] 


ful evaluation must be made of the advantages and 
penalties in each case. The improvement in system 
performance resulting from design of new equipment 
must be weighed against possible complication of the 
logistics involved. It is essential that all criteria used 
in reaching a decision be assigned the proper weighting 
factor. 

Under both the component approach and the systems 
approach, a certain degree of compromise is inevitable. 
Under the component approach, it usually turns out 
that the system performance is penalized in one or 
more ways because of the limitations of available com- 
ponents. As newer and more stringent system per- 
formance requirements have been established, it be- 
comes increasingly difficult to develop a satisfactory 
system in this manner. Under the systems approach, 
the development of a system to meet advanced per- 
formance requirements is facilitated in two ways. 
First, the system designer is relieved of many restric- 
tions and limitations by being permitted to establish 
the component requirements to suit the system or 
end use requirements. Second, by the very nature of 
the task the designer must evaluate the effect of each 
component on system performance and determine the 
extent to which improvement in component perform- 
ance improves system performance; “thus he concen- 
trates on improving the performance of those com- 
ponents where the net effect on the system performance 
is greatest. This type of evaluation may even require 
the acceptance of a component of less than theoretical 
optimum performance if this lesser performance has a 
negligible effect on system performance, and a net 
gain, such as decreased weight or power or increased 
reliability, etc., accrues to the system. 

Generally speaking, in the past, most of the develop- 
ment of aerial photographic equipment has been on a 
component approach basis. It has been stimulated by 
the basic philosophy that all improvement in component 
performance would certainly contribute to an improve- 
ment in system performance. This has, of course, re- 
sulted in a steady year-by-year improvement in the 
equipment but has generally not produced any radically 
new or different approaches. 

In recent years, however, emphasis has swung around 
to the systems approach. Primarily this has been 
necessitated by the increasing complexity of photo- 
reconnaissance systems as utilized in present-day air- 
craft. It might be said that this trend was inevitable 
in view of the rapidly expanding performance capability 
of newer aircraft types and the inability of the human 
operators to keep up with the performance of the air- 
craft. A secondary factor in the adoption of the sys- 
tems approach is, no doubt, the increasing costs of 
individual components and part improvement programs 
as required under the component approach. The state 
of the art had been reached where, in many instances, 
further improvement in component performance con- 
tributed little to the overall system performance im- 
provement yet was extremely expensive. A need for 
evaluation of the overall problem and determination of 
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Fic. 1. Component approach. 

new approaches and areas where major advances could 
be made was recognized by the Air Force, Navy, air- 
craft companies, and certain individuals. Credit for 
far-sighted pioneering must be given to their leadership 
that has resulted in this change. 

Thus, within the past relatively few years, consider- 
able analysis of the factors affecting overall photo- 
reconnaissance system performance has been done with 
a view toward a determination of the most profitable 
courses of development. Several studies have been 
made under sponsorship of both the U.S. Air Force and 
Navy into the basic requirements of the photograph 
the kind, form, size, and quantity of detail necessary 
for the various use purposes and the means and methods 
of interpreting them. Other studies have simultane- 
ously been made of the manner and extent to which the 
overall system performance is dependent on and affected 
by the various parts. Thus it is now possible to outline 
the optimum performance required for the task and to 
indicate the places where the effort must be concen- 
trated in order to achieve it. It is also possible to see 
where present component capabilities are, in some in- 
stances, beyond what is required or usable. Savings 
may therefore be made through the elimination of 
features and refinements or through employment of 
simpler or more elementary devices. 


1955 


Let us now examine a typical air-borne data collectig, 
(photographic) system for reconnaissance use as evolve 
under this new application of the systems approach 
It is a system designed for specific uses based on de. 
tailed analyses of requirements. Since it is intended fo, 
more than one use or purpose, it provides for inter. 
changeable installation of different components, each 
best suited to a particular purpose. In accordance with 
the established requirements, the system is designed to 
supply coverage of a reasonably large area showing only 
major detail and to supplement this by coverage of only 
a relatively smaller selected area with fairly fine detail 
to be used at high altitudes. It is also planned that for 
other purposes it shall provide coverage of limited areas 
with extremely fine detail for use at very low altitudes, 
For the high-altitude mission, an array of three short- 
focus, wide-angle cameras is used for the large area 
coverage, and an arrangement of two long-focus, large. 
format cameras in a split vertical configuration is used 
for the small area detailed coverage. The short-focus 
camera array provides compensation for image motion 
due to the plane’s forward velocity and has a fast 
maximum cycling rate so that this group may be used 
in an emergency at low altitudes. The group is carried 
in a single fixed antivibration type of mount. The atti- 
tude of the group with respect to the vertical (as indi- 
cated by the vertical reference of the plane’s navigation 
system) is automatically recorded at instant of exposure 
to provide a degree of control for the relatively rare 
photogrammetric uses of the photography. The long- 
focus cameras also provide image motion compensation 
to make up for forward aircraft speed. They are car- 
ried as a group in a single stabilized mount to eliminate 
angular motions from gusts and maneuvering of air- 
craft. These cameras are of the autocycle type. Dur- 
ing operation the heavy masses of film on the spools are 
kept rotating continuously at the proper rate to com- 
plete one cycle just in time for the start of the next. All 
mechanism motions are counterbalanced in order to 
keep disturbances from dynamic reactions to a mini- 
mum. Diaphragm and shutter-speed settings are auto- 
matically controlled to follow a prearranged program 
that will give the shortest exposure time for each light 
condition, minimizing any image degradation due to 
blur. All cameras in a group are synchronized to trip 
together, so the nadir point will be common to all 
photos taken by the group. 


For the low-altitude mission, these cameras are re- 
moved and replaced by a group of five short-focus, 
small-format, small-film cameras. These are mounted 
in an array in several fixed-attitude, antivibration 
mounts to provide complete coverage crosswise to the 
flight line from horizon to horizon. The cameras are 
capable of extremely high cycling rates and also provide 
coordinated image motion compensation to minimize 
blur. Since it is impossible to compensate correctly for 
all parts of the image, a high shutter speed is provided. 
This, in turn, requires use of a fairly fast lens in order to 
provide necessary image quality and still handle the 


range of expected light conditions. These cameras are 
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also autocycle in operation in order to minimize dy- 
namic reactions and reduce strains in the mechanism. 
Shutter and diaphragm settings are here also controlled 
to give the shortest exposure time permitted by each 
given light condition. The entire system is carried in a 
temperature-stabilized compartment to ensure main- 
tenance of calibrated focus settings. 

In both the high- and low-altitude configurations, in- 
jormation existing in the plane’s navigation system— 
such as the plane’s geographic position, heading, alti- 
tude, etc.—is recorded automatically at time of each 
exposure for later identification of the photo. Each 
camera is supplied with intelligence on terrain light 
conditions by an automatic sensing system. Each 
camera is also supplied with intelligence on the proper 
image motion and cycling rate and with synchronizing 
intelligence from a central master rate control system. 
Basic intelligence on altitude above the terrain and 
ground speed necessary for camera rate control comes 
from an optical scanning system at low altitude and 
irom the plane’s navigation system at high altitudes. 
The entire system is fully automatic in operation. The 
operator or pilot, as the case may be, merely flips a 
switch to select the group of cameras he wishes to use 
and flips another to start them operating. 


In the evolution of this system, through the systems 
approach, major emphasis has been placed on certain 
design considerations. First from the user’s viewpoint 
are considerations of Optimum System Performance 
and Maximum Reliability. Optimum system _per- 
formance is achieved by evolution of a well-balanced 
overall system design, selection of optimum lens focal 
length to yield adequate detail size consistent with the 
required detail size and with the film’s resolution cana- 
bilities, and preservation of image quality through tem- 
perature control and by minimizing of motion effects. 
Maximum reliability is achieved by reducing system 
complexity, avoiding the use of unreliable elements, 
using positive acting devices, planning circuits to reduce 
toa minimum the number of soldered connections and 
disconnects and contacts, and providing the maximum 
degree of accessibility for ease of servicing and preven- 
tive maintenance. Reliability potential is also greatly 
enhanced through the careful attention to human engi- 
neering factors from both the operation and mainte- 
nance standpoint. Automatic rather than human opera- 
tion has been provided for the most part. Maintenance 
philosophy has followed a ‘‘go-no-go”’ type of checking 
procedure with a package replacement plan and with a 
packaging arrangement that places functionally related 
components together to minimize chances for human 
error. 

A second point of major emphasis concerns the rela- 
tionship of the photo system to the other parts of the 
overall system, particularly the aircraft itself. Of 
prime importance here are considerations of size and 
weight, power consumption, and environmental control. 
To keep size and weight to a minimum requires con- 
stant vigilance from the inception of design, with special 
attention to elimination of all features not entirely 


necessary. Minimum power consumption is the result 
of complete analysis of the various loads and careful 
evaluation of the different methods of supplying power. 
Environmental control involves integration of the photo 
system's environmental control requirements with the 
aircraft's environmental control system. 

A final point of major emphasis concerns the manu- 
facture of the system, with considerations of cost and 
producibility predominating. Here a constant cam- 
paign must be waged against tight tolerances and over- 
refinements. In each case the effect on system per- 
formance must be the determining factor. 

These considerations have been the general design 
aims. The means of accomplishment have been through 
the application of a number of philosophies that have 
gradually evolved and have become inseparably asso- 
ciated with the systems approach. Of chief importance, 
among these, are the following: 

(1) Balanced Design—design to meet but not exceed 
requirements. 

(2) Growth Potential—select design to meet require- 
ments easily so it can subsequently be pushed further. 

(3) Optimum Design—design to accommodate essen- 
tially all conditions but stop at point of diminishing 
returns. 

(4) Equalized Performance—evaluate and design to 
equalize effect each contributing component has on 
overall performance. 

(5) Evaluation of Alternate Functional Approaches 

—select for greatest overall advantage. 

(6) Elimination of Nonessentials—include in system 

only what is needed. 
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Fic. 2. Systems approach. 
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(7) Integration with Other Systems—design to share 
functions, input intelligence, etc. 

(8) Functional Packaging—package together func- 
tionally related elements as far as possible. 

Each of these philosophies requires some elaboration 
in order to illustrate its effect on the design of the photo 
system. 

Balanced Design has been placed first as it is one of the 
most important and useful concepts. It is, of course, 
important to meet the necessary system requirements, 
and this, naturally, means that each component must 
meet its own requirement. What is not so obvious, 
however, is that it usually imposes penalties on the 
overall system to permit any component or subsystem 
to carry the apparatus to exceed its requirement. 
Wherever it involves any additional complexity, 
weight, power, or cost, or other penalty, it should cer- 
tainly be avoided. This implies, incidentally, an ex- 
tremely good evaluation of the requirement, and this 
again is an inherent function of the systems approach. 
For example, in the case of the system described, it was 
assumed that the requirement for small area coverage 
was further defined to the extent of establishing the 
approximate area and the detail size that must be re- 
solved. This, in turn, resulted in the decision that two 
cameras of a certain lens focal length, format size, and 
film capacity would satisfy this requirement. To at- 
tempt to resolve finer detail would have required a 
longer focal length, and then to cover the area would 
have required a third camera and a larger film capacity 
in each one. 

Growth Potential is a factor that must always be care- 
fully weighed throughout the evaluation and design 
stage of a system. The achievement of a good growth 
potential in a system without incurring immediate 
penalties requires the employment of a considerable de- 
gree of both ingenuity and good judgment. Even be- 
fore that, it requires a good projection of all the trends 
and prediction of future development of the overall 
system of which the photo system is only a part. Then, 
when the probable direction of future growth has been 
predicted, it means selecting designs that give present 
required performance at operation well below their 
saturation point. The choice of autocycle operation for 
the cameras of the system described is an example of 
this. This type of mechanism easily provides the 
cycling rates necessary for the present system without 
even approaching the maximum rate capabilities of the 
mechanism. By the simple application of a larger mo- 
tor and higher power input, higher rates could easily be 
handled in the future. 

Establishment of an Optimum Design is one of the 
most important philosophies of the systems concept. 
It, again, requires the exercise of excellent judg- 
ment in order to pay off. In the application of this 
philosophy to present photo systems, it has in- 
volved many laborious statistical analyses of many of 
the operating and surrounding conditions. It has re- 
sulted in complete elimination of several features, at a 
considerable saving of cost, weight, and complexity, 
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when the analyses showed these features to have ay 
insignificant effect on performance in all but a negligibk 
percentage of the operational time. The feature ¢ 
single-shot operation, for instance, has been omitted jy 
some cases on this basis. 

The philosophy of Equalized Performance offers the 
systems designer the opportunity to effect both sig. 
nificant cost savings and gains in overall performance 
In recent photo systems, for instance, several of the 
expensive high-performance electronic servos in the 
exposure control function have been replaced by leg 
expensive relay-type servos. Here the high performang 
of the expensive units was a pointless refinement be. 
cause the input information was of a low order. On the 
other hand, by improving the accuracy of the input 
sensing device, the overall performance is improved— 
even with the less expensive servos. 

The Evaluation of Alternate Functional Approaches in 
the early consideration of the system and the selection 
of the one offering the greatest overall advantage are 
obvious design tools inherent in the systems approach, 
As applied to recent photo systems, this evaluation and 
selection have resulted in considerable savings in weight, 
complexity, and cost. A common power supply for all 
electronic components of the system, for instance, has 
been found to have advantages over the use of individual 
supplies in each component. 

Elimination of Nonessentials requires a close scrutiny 
of the contribution of each component to overall system 
performance and capabilities. This contribution must 
be examined in the light of mission requirements, and 
the deletion of unnecessary funct‘ons or apparatus must 
be pressed to the limits of practicality. As an example, 
in the system described previously, the optical scanning 
device used at low altitude for detection of intelligence 
for camera rate control would be removed from the 
installation in changing to the high-altitude configura- 
tion. 

Integration with Other Systems can produce substan- 
tial savings in weight, space, complexity, and cost when 
properly handled. This requires a careful consideration 
of the types of inputs needed and the manner of their 
availability from other systems to prevent duplication 
of equipment. In present systems input intelligence— 
such as plane’s altitude, ground speed, heading, present 
position, roll and pitch reference angular data, and 
other inputs—are derived from central input sensing 
devices common to all systems. 

Functional Packaging can be productive of greater 
flexibility and reliability for the system. Conversion 
from one type of mission to another is accomplished 
more rapidly and with less chance of error when the 
major units of equipment have their related equipment 
packaged with them. Reliability is increased since 
many of the electrical connections can be eliininated. 
The human engineering factor is improved as it is easier 
for maintenance men to isolate any trouble that may 
develop. In most recent cases considerable advantages 
of these types have been found by packaging the various 
servo-amplifiers in the same units with the servos them- 
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selves throughout the system—in the cameras, in the 
mounts, and in the various functional parts of the con- 
trol system. 

System performance and the effects of the system 
approach on system performance deserve special men- 
tion and discussion. Generally speaking, the prime 
factor of importance in measuring the net value of a 
photo-reconnaissance system is its information-record- 
ing ability—how well it brings back the right amount 
of the right kind of information. For certain purposes 
the demands on information content have exceeded the 
capabilities of the photo system to provide it, and it 
has been necessary to analyze what might be done to 
improve it. In this effort it is fairly obvious that the 
systems approach can pay off by showing up the areas 
where greatest losses occur and permitting a concentra- 
tion of effort on these areas. 

Starting with the basic image quality obtainable with 
the lens-camera combination in the laboratory, losses 
occurring in a practical system in normal operation fall 
into four general categories: (1) changes in location of 
the image (focus shifts), (2) motion of the image, (3) 
general deterioration of the image, and (4) failures of 
the film and processing system to record it properly. 
Work has been done independently by many organiza- 
tions on individual causes contributing to the losses in all 
of these areas. Ey combining these individual studies 
and analyzing the combined effects on the entire photo 
system under consideration, predictions have been 
made of probable performance and its dependence on 
various alternate choices of portions of the system. In 
several areas positive steps have also been taken to try 
to reduce the worst of the losses. 

In the case of mapping systems, an additional fac- 
tor—the preservation of the geometric relation—is as 
important as information content. This involves an 
additional set of factors which must be reckoned with 
in the design of a mapping system. Design considera- 
tions of the air-borne photo-mapping system also in- 
volve the type of systems to be used in the plotting and 
laboratory map-making operations and include the 
necessary features to permit proper and effective co- 
operation with these. Fortunately, the systems ap- 
proach has been applied for a number of years and is 
continuing to be employed in new development in this 
phase of the activity. The present highly perfected 
state of the mapping system art and the rate of continu- 
ing progress are good evidence of its effectiveness. 

The advantages of the system approach are many and 
important. In thoroughly considering a concept as basic 
as this, however, thought should be given to any pos- 
sible shortcomings. One such possibility is the fear 
that this concept might soon result in the production of 
a large number of different pieces of equipment to do 
essentially the same job but in different systems. It is 
probably true that if development were permitted to 
tun away completely uncontrolled, this sort of thing 
could happen. However, there are a number of influ- 
ences that tend to keep the situation in line. First, 
there is the monitorship of the customer—the cognizant 


Government laboratory. Second, there is the economic 
situation itself. The element of competition, always 
present, forces any manufacturer to utilize available 
designs that are suitable for use in new systems. Third, 
the technological situation tends to foster unification 
rather than diversification. Review of the requirements 
of a fair number of different systems indicates that for a 
certain time period the same performance requirements, 
the same requirements for certain features, the same 
need for emphasis on maximum reliability and mini- 
mum size, weight, and power, and the same kind of 
environmental conditions which exist in connection 
with one system also exist in the others. Certainly we 
shall never avoid a certain amount of obsolescence as 
system requirements change with time under any con- 
cept. Nor should we ever want to put a stop to the 
advancement of the art. It seems evident, however, 
that, once we have produced a new reconnaissance 
system that will well satisfy a certain new requirement, 
we shall be able to make use of it almost 77 foto in many 
other applications directed toward the same end use and 
for the same time period. In fact, contrary to having 
a tendency to produce many types of equipment for 
the same job, it seems now that the systems approach 
through the application of more extensive research into 
the basic overall requirements is beginning to point the 
way toward consolidation of many existing equipment 
types into relatively few. 

From all of the foregoing, it may be seen that the 
effects of the systems approach on the design of photo- 
reconnaissance systems are broad and far-reaching. 
Its intelligent application offers outstanding advantages 
to the customer or user, to the other systems (particu- 
larly the aircraft), to the manufacturer, and to the tax- 
payer. 

From the standpoint of the customer, it may be said 
that the system is designed with the user in mind. He 
reaps the benefits of higher overall performance through 
a system more ideally matched to his job, and with 
greater inherent reliability. For example, on the basis 
of what has been done in a specific case it appears pos- 
sible to reduce the number of tubes, contacts, connec- 
tors, and circuit joints by 50 to 75 per cent and thus 
realize considerable improvement in reliability. 

The aircraft producer has obtained significant 
advantages in reduced weight, reduced volume, and 
lower power consumption. Again, as indicated by a 
typical case, reductions of the order of 50 to 70 per cent 
in weight, power, and volume appear possible while still 
performing an equal or larger job. Additional advan- 
tages accrue in the form of easier manufacturing and 
installation problems through a system better matched 
to the aircraft. 


The system equipment manufacturer benefits in the 
form of fewer manufacturing difficulties, reduction in 
servicing problems, and lower cost. 

And, finally, the taxpayer benefits. A better, more 
effective, reconnaissance system and the increased 
potential for more effective use of our weapons, in 
effect, buys him better national defense at lower cost. 


H. C. WROTON* 
The Glenn L. Martin Company 


NEED for a ‘systems engineering’ approach to 
installation design is emphatically illustrated by 
the air-borne electronic magnetometer. This is an 
extremely sensitive device, used for aerial surveying 
and mineral prospecting and for the detection and loca- 
tion of hidden magnetic objects such as enemy sub- 
marines. The magnetometer detects extremely small 
changes in the magnetic field in which it operates and, 
as a result, is more seriously affected by the form and 
structural design of the air frame in which it is carried 
than almost any other type of electronic equipment. 
The need to incorporate the peculiar requirements of 
the magnetometer into the earliest aircraft design con- 
ceptions can be determined on a strictly economic 
basis. Many years of effort, costing many millions of 
dollars, have been spent in adapting existing air frames 
to carry magnetometer equipment successfully 

Early use of the design information that has been 
accumulated can eliminate or greatly simplify the prob- 
lems and at a small fraction of the cost of later adapta- 
tion. At The Glenn L. Martin Company, we have 
gained such an appreciation of these factors that even 
the most superficial studies of new aircraft and weapons 
system designs using magnetometers incorporate those 
factors that will guarantee performance without the 
necessity for the prolonged and expensive development 
and test programs needed for recently adapted installa- 
tions. 

In this study, I wish to explain the specific problems 
encountered in air-borne magnetometer installation 
and the effective methods for solving them. But, be- 
fore I proceed, I imagine that there may be some readers 
who have not had experience with this equipment. 
My own introduction to the amazing and sometimes 
exasperating characteristics of air-borne magnetometers 
is still fresh enough in my memory to make me quite 
sympathetic to anyone just meeting this device, and so 
I ask the indulgence of the experts while I review briefly 
the principal features of the equipment. 


Presented at the Aerial Surveying, Photographic and Elec- 
tronic Session, Twenty-Third Annual Meeting, IAS, New York, 
January 24-27, 1955. 

* Head, Magnetics Group, Electronics Department. 


Problems of Aircraft Construction for Electronic 
Magnetometer Survey or Detection 
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Magnetometers are instruments that generally meas- 
ure both the strength and the direction of magnetic 
fields, but most air-borne types measure only strength, 
They are self-erecting by means of servo-control sys- 
tems so that they always measure the maximum vector 
of the field in which they operate. Some of today’s 
more precise air-borne magnetometers are so sensitive 
that they can detect the magnetic fields created by the 
shoe nails of a man several feet away. 

When you consider installing such equipment in an 
airplane, a host of potential sources of interfering mag- 
netic fields comes to mind. The engines, landing gear, 
motors, hydraulic cylinders and pumps, electronic 
equipment, control cables, and structural components 
all may have strong magnetic fields. These magnetic 
fields are complex and cause local distortion of the field 
that the magnetometer is intended to measure or detect. 

The major effect of the interfering magnetic fields 
from parts within the airplane is to add to or reduce the 
apparent amplitude of the ambient field. In geo- 
graphical surveying, this affects the absolute accuracy 
of the measurement. Some magnetometers detect 
only changes in the ambient field strength. This type 
of magnetometer is not affected by the change in abso- 
lute field strength cause by interfering fields, as long as 
these fields remain constant. 

Airplanes, however, are continually maneuvering in 
flight. The result is that the directions of the fields 
within the airplane change with position and attitude, 
while the external, earth’s magnetic field remains fixed 
in space. Since the magnetometer always measures 
the amplitude of the total field passing through it, this 
rotation of the field vectors from the airplane, with re- 
spect to the fixed earth’s field, causes a change in the 
total field amplitude proportional to the amplitude of 
the maneuver. It is necessary, then, that all fields 
from the airplane be reduced or neutralized, so that 
maneuvers will produce changes in the total field less 
than the sensitivity level of the magnetometer being 
used. 


Fortunately, distance has an important effect on the 
strength of magnetic fields. The field strength of a 
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magnet varies approximately as the inverse cube of the 
distance to the magnet. This means that the sensing 
element should be as far removed as possible from mag- 
netic parts. A small magnetic part near the detector 
may interfere as critically as a large part farther away. 
4 minimum distance of 5 to 15 ft. might be established 
for small magnetic parts such as screws and nuts. 
Beyond this, parts having stronger fields could be 
tolerated, provided the relationship of field strength to 
distance was determined and found to be within the 
sensitivity limits demanded of the installation. 

Because of the accumulated design information, it is 
now possible to formulate rules for the location of mag- 
netometer detecting elements and for the choice of 
structural and other materials to be used in the vicinity, 
of the detecting equipment. Suitable nonmagnetic 
high-strength structural materials are now available 
jor use near the magnetometer detecting element, and 
materials having weak magnetic properties can be 
used for larger parts located further away, so this prob- 
lem is not especially troublesome. Proper location of 
the detecting element is more difficult. 

The placement of other equipment—particularly in 
military aircraft—frequently conflicts with the location 
of the magnetometer. A less-than-optimum location 
can be compensated for, but the more the location 
of the element is compromised, the more difficult this 
compensation is to apply and maintain. 

Three types of sources of magnetic interference are 
associated with the design of the air frame. The first 
type produces permanent magnetism and originates in 
hard-steel parts that have become magnetized either 
as a result of manufacturing process or by coming in 
contact with a magnet or magnetized part or tool. 

A second characteristic source of magnetic inter- 
ference produced by air-frame parts is that which is 
caused by induced magnetic fields. These are gener- 
ally associated with soft-iron parts like transformer 
cores and shield covers—although they also occur, to a 
limited extent, in hard-steel parts. Induced fields are 
generated in magnetic materials by the action of an 
external field. The strength of the induced fields is a 
function of the direction as well as the strength of the 
external field. A solenoid plunger is a good example 
of a device that works on the principle of induced 
magnetism. Until a current sets up a field in the sole- 
noid coil, no appreciable magnetic field is present in the 
plunger, but as soon as the current is turned on, the 
plunger becomes a magnet and is attracted to the pole 
piece. The field set up in the solenoid coil has induced 
a local field in the plunger. By this same principle, 
the earth’s magnetic field induces local fields in the air- 
plane. In the case of truly soft iron parts, the induced 
field may be the only one present; but in hard-steel 
parts, which already have some permanent magnetism, 
the induced fields merely aid or oppose the permanent 
magnetism, depending on the relative direction of the 
tarth’s field. The induced fields in hard-steel parts 


are generally only a fraction of the normal permanent 
ones, 
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The interference produced by induced magnetic fields 
is susceptible to reduction by distance in the same 
manner as that from the permanent fields. Neutraliza- 
tion or compensation for them, however, requires a 
completely different approach, as will be shown. 

A third source of interference—also susceptible to re- 
duction by distance but necessitating a third method of 
compensation where required—is that produced by 
eddy-current fields. These occur in all of an aircraft’s 
skins, ribs, frames, and other structural units without 
respect to the magnetic characteristics of the materials 
from which they are made. They require only electrical 
conductivity and airplane maneuvers to exist, and they 
are generated in the same fashion as the currents pro- 
duced in a coil or loop of wire rotating in a magnetic 
field. An electrical conducting path is formed around 
the outside edge of the sheet metal of an aircraft skin or 
rib. As the airplane maneuvers, an electric current pro- 
portional to the rotational velocity is produced in the 
magnetic field of the earth. The flow of current creates 
a magnetic field in a direction perpendicular to the 
plane of the sheet or conducting loop. 

These eddy-current fields are often not as large as the 
permanent magnetism ones, but, since they are related 
to aircraft maneuvering rates, they are extremely 
serious. When an airplane is flying at the low altitudes 
used for magnetic surveying or detection, turbulent air, 
which increases the amount of maneuvering, is often 
encountered. 

I have now outlined the three types of magnetic inter- 
ference which can be reduced by proper air-frame de- 
sign. A fourth source should be mentioned, although 
it is not so directly related to air-frame construction. 
This interference is caused by electrical power wiring 
circuits, which contain loop-type current paths. These 
circuits produce a kind of permanent magnetism field, 
which varies in strength with the amount of direct cur- 
rent flowing. This interference will be eliminated if 
ground return wires are used instead of the air-frame 
structure for the negative current path back to the 
power source. 

It has been noted that distance is a good cure for all 
types of magnetic interference in air-borne magnetome- 
ter installations. While this is quite true, it is often dif- 
ficult to achieve. To escape all four types of inter- 
ference, the detector would have to be placed 100 or 
more feet from the airplane. There are systems of this 
type in which the detector is towed behind the ship, 
but they have problems of their own and have not been 
widely accepted. 

For inboard installations, then, we must expect to 
find it necessary to compensate or neutralize some de- 
gree of interference. The cost and time required for this 
compensation are directly related to the complexity of 
the fields. Anyone who has been associated with such 
work knows the importance of minimizing the need for 
compensation. 

In several recent installations with complex inter- 
fering fields the necessary flight testing for compensa- 
tion has amounted to almost as much as that required 


88 AERONAUTICAL ENGINEERING REVIEW—MAY, 1955 


for all aerodynamic, power-plant, and structural pur- 
poses on the aircraft. 

As mentioned before, the three basic types of inter- 
ference require three methods of compensation. All 
three work on the principle of cancellation. Once they 
are installed and adjusted, they produce a fixed amount 
of compensation, which need not be varied unless the 
interference itself changes. Each interfering field is 
directly opposed by a compensating field at the location 
of the detector. Naturally, the compensating fields 
must act the same as the interfering ones, so that the 
cancellation is correct under all conditions. This means 
that the compensators must produce permanent, in- 
duced, and eddy-current magnetism of the proper ampli- 
tude and direction. 

The permanent magnetic fields of the airplane are 
compensated by carefully controlled direct current 
passing through coils of wire. These coils, which pro- 
duce permanent magnetism, are arranged in three 
mutually perpendicular planes, so that interfering fields 
in any direction may be cancelled. To save weight, 
space, and power, the coils are placed close to the de- 
tector. The compensator is generally adjusted in 
flight, although an initial adjustment can be made on 
the ground in certain types of installations. Independ- 
ent rolling, pitching, and yawing maneuvers are per- 
formed to permit the currents in the three coils to be 
separately adjusted. It has been proved that the 
smaller the interfering field, the more quickly and more 
accurately the compensating currents can be set. 
These compensators must be set for individual airplanes 
because the permanent magnetism fields are never pre- 
cisely the same. 

Compensation for induced magnetism is accomplished 
by soft-iron strips or balls placed near the detector unit. 
The small physical size of these strips or balls makes 
them relatively easy to install; but induced-field com- 
pensators are extremely critical and also require flight 
testing, so reduction of the magnitude of all induced 
fields is an important objective. The effectiveness of 
induced-field compensators is generally consistent from 
airplane to airplane of a given production model. 

The eddy-current fields are the most difficult to com- 
pensate for, and the compensators usually require the 
most weight and space of the three types. The com- 
pensating fields themselves must be generated by 
eddy-currents in plates, sheets, or rings of nonmagnetic 
metal located near the detector. These compensating 
sources must lie in planes that are parallel to those of 
the interfering sources. 

The strength of the compensating fields is determined 
by the plan form, thickness, and conductivity of the 
metal used. Eddy-current fields are difficult to predict 
accurately and must be finally tested in flight. It ap- 
pears, however, that analytical predictions can ade- 
quately establish compensator dimensions and that a 
compensator design, based on tests of an accurate proto- 
type, will be effective for all aircraft of that model. 

A discussion of Figs. 1-8 will help illustrate the 
points I have made. 


Fig. 1 illustrates the inverse cube rule—by which, 
can approximate the effect on interference of increagd 
distance between the detector element and a magnet, 
part with fixed field strength. The abscissa shows, J 
feet, the separation between the detector and the par 
and the ordinate shows the percentage of noise produc 
by a specific motion of the part; 100 per cent is arth) 
trarily established as the signal level obtained at a 34 
separation. 

By applying the separation rule to an airplane, 
can see that, for magnetic parts to produce no more thy 
a specified, maximum interference level, we have; 
pattern of permissible locations. The large magneti 
parts must be widely separated from the detector hea 
and only the smallest may be close to it. This meap; 
that the detector must be remotely located. 

In Fig. 2, two airplane designs are shown with, 
variety of remote magnetic detector locations. On th 
airplane with the conventional tail there are three pog. 
tions: a wing-tip pod, a fin pod, and a tail-cone exter. 
sion. On the T-tail design there are three others 
a tail bullet-fairing extension, a wing pylon, anda 
faired, submerged wing pod. 

All of these installations involve important structural 
and aerodynamic considerations, and they are not just 
theoretical, untried installations. All of them have been 
built, and most of them are flying today. 

For the remaining figures, I shall describe the general 
features of each location and indicate the proper place- 
ment of the eddy-current compensators. These posi- 
tions are not arbitrary but are established on known 
principles. Substantial deviations from the illustrated 
positions will not produce acceptable results. 

In all the installations, a set of coils for permanent 
magnetism compensation can be installed close to the 
detector. Induced compensation strips or balls can 
generally be applied without serious space problems. 

The most important factor to note, of course, is the 
relative need for compensation. Although the location 
and general form of the compensators can be deter- 
mined, the difficulty of accurate size determination and 
adjustment is a direct function of the strength and com- 
plexity of the interferences. The best location will 
always be the one requiring the least compensation. 

In Fig. 3, the large magnetic parts nearest the wing- 
tip pod are the engine, the landing gear, and the equip- 
ment in the fuselage. If the airplane is a military type, 
the bomb bay also contains sources of interfering mag- 
netic fields whose separation cannot exceed one-half the 
wing span of the ship. The permanent, induced, and 
eddy-current fields generated by the wing itself require 
a high degree of compensation. 

An insulating section of plastic between the wing and 
the pod would help, but it would have to be several feet 
long to do much good. Eddy-current compensation 
would almost surely be necessary. 

The eddy-current compensation takes the form of a 
plate or ring, parallel to the plane of the wing but lo- 
cated directly over the magnetometer. To fair in this 
sheet, which must be several inches from the detector, a 
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large pod would be needed. This would obviously in- 
crease the structural and aerodynamic problems. One 
other detrimental factor also exists in this installation. 
Rolling the airplane would cause interference because 
of vertical translation of the detector. The earth’s 
magnetic field strength varies directly with altitude. 
The vertical translation of the detector would cause a 
varying field strength to be measured. 

Considering Fig. 4, in the fin-tip position, it is rela- 
tively simple to achieve an adequate separation from 
large magnetic parts, but full compensation of eddy- 
current fields is difficult. 

The vertical fin produces eddy-currents that require 
compensation by vertical plates or rings at the sides of 
the detector. Eddy-current effects can sometimes be 
caused by the horizontal tail surfaces also. Compensa- 
tion for these effects requires horizontal compensators 
located as shown in the figure. 

In Fig. 5, the wing-pylon installation is similar to the 
wing-tip installation, except that the distance from the 
engines and other magnetic parts is reduced. The wing 
is also in a different position relative to the detector and 
will produce larger eddy-current fields at the detector 
than the comparable wing-tip installation. The eddy- 
current compensation must be placed at the side of the 
magnetometer and parallel to the wing. 

The problem of interference caused by vertical trans- 
lation of the detector is also present. 

Turning to Fig. 6, in the faired submerged wing-pod 
installation the problems are substantially the same as 
for the wing-tip installation. Use of a nonconducting 
wing section to reduce eddy-current fields would be dif- 
ficult, however, and so a greater amount of eddy-current 
compensation would be required. 

The problem of vertical translation during roll 
maneuvers is inherent in the submerged wing-pod in- 
stallation. 

Fig. 7: For aircraft with conventional tail construc- 
tion, the extended fuselage ‘‘tail-stinger’’ installation is 
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best. The distances to magnetic parts can be mac 
great, reducing permanent and induced magnetism t 
values relatively easy to compensate. 

If the fuselage extension is nonmetallic or, in the cage 
of a retractable installation, if the retractable tube is of 
small diameter, the eddy-current fields may be made 
small enough not to require compensation. 

If sufficient distance to avoid interfering eddy-current 
fields cannot be incorporated, the compensation cap 
still take the convenient, box-type form shown in the 
figure, and, in all cases, the magnitude of the fields re. 
quiring compensation will be reduced from those of the 
preceding installations. 

Fig. 8: Many new airplanes are making use of the T- 
tail, in which the horizontal tail surfaces are attached 
to the top of the vertical tail. The general rule for any 
tail location of the magnetometer is to place it directly 
behind the intersection of the tail surfaces. 

This allows the use of an extended ‘‘bullet fairing” as 
is shown in the figure. The fairing should be made to 
locate the detector as far behind the tail surfaces as 
possible and should include nonmetallic materials to 
reduce eddy-current felds. A retractable installation 
could be used if it is structurally and aerodynamically 
feasible. 

If the distance between the detector and the aircraft 
metal structure is not sufficient to eliminate all eddy- 
current interference, compensation can be applied in box 
form, with the vertical and horizontal plates or rings 
being located in a square pattern. (See Fig. 2.) 

These, then, are the major choices of detector loca- 
tions which are available to the airplane designer. All 
can be made to work, but the cost of developing any 
installation requiring a great deal of compensation will 
generally exceed many times the cost of a better original 
design. This factor of extremely high cost must be 
given full credit when the basic design compromises 
are made. 


Past and Present Automatic Flight Control Development 


(Continued from page 61) 


means of control equipment in order to compensate 
automatically for aircraft configuration, gross weight, 
and local wind conditions. The two methods that ap- 
pear to be the most feasible for effecting this control are 
(a) changing the air-speed reference of an air-speed con- 
trol at a rate proportional to angle of attack error and 
(b) using a signal proportional to the angle of attack 
error to actuate a throttle control system, this latter 


method being the simplest of the two. It has also been 
found desirable to compensate for the effect of thrust 
on lift during approach and flare-out by a signal cross- 
feed from throttle position to pitch angle and to pro- 
vide means for closing the throttle during the later 
stages of flare-out. The device has proved to be an 
interesting and useful tool in the flight research program 
on automatic flight. 
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INTRODUCTION 


> waite THE PAST 10 YEARS one of the most out- 
standing and useful tools developed to aid in the 
design of aircraft has been the electronic analog com- 
puter. This device, in various forms, is now in general 
use during all stages of aircraft flight control system 
development, from preliminary studies through air- 
plane flight testing. It is the purpose of this paper to 
discuss the application of the analog computer in engi- 
neering an airplane flight control system. Application 
during each phase in the development of an airplane 
will be discussed with the aid of illustrated examples 
showing results of tests conducted with actual airplane 
flight control systems. The paper will be confined to 
application of analog computers and will not include 
discussions of computer design or airplane flight control 
system design details. However, for illustrative pur- 
poses a few control system designs will be discussed 
briefly. 


PROCEDURE IN SYNTHESIZING AIRPLANE FLIGHT 
CONTROL SYSTEMS 


In order to provide proper orientation concerning the 
use of the analog computer, a brief description of the 
entire synthesis procedure is presented in Fig. 1. With 
the inception of a project, customer requirements, past 
company experience, contract data, and other informa- 
tion are combined in a preliminary analysis providing 
the tentative requirements and configuration for the 
flight control system. In this paper the “flight control 
system’’ includes all components, systems, and param- 
eters affecting the flight control of the airplane. After 
the tentative system requirements and configuration 
have been established, an analog computer study is 
made of the complete system, with all components and 
aerodynamic characteristics represented by electrical 
networks. In this system analysis, transient responses 
are obtained as the system parameters are varied, until 
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Application of Electronic Simulation Techniques to 
the Development of Airplane Flight Control Systems 


an optimum system is obtained as represented on the 
analog computer. This function of continuous obser- 
vation of results as parameters are varied is shown in 
Fig. 1 by the servo block diagram. The end result of 
this step is the establishment of firm component re- 
quirements. 


The components are then designed, fabricated, 
tested, and in some cases modified until the component 
requirements are met. The actual components pro- 
duced by this step are then assembled on an airplane 
test stand, which consists of a steel framework on which 
is mounted the actual control system of the airplane 
with the aerodynamic response characteristics repre- 
sented by an analog computer. The control surface 
deflections are measured and introduced electronically 
into the analog computer, which instantaneously deter- 
mines the response of the airplane and feeds this infor- 
mation back into the airplane flight control system sen- 
sors. With such a test stand a human pilot can ‘“‘fly”’ 
the airplane in the laboratory. Control column feel is 
accurately provided by force-producing devices at- 
tached to the control column, and visual response data 
are provided through instruments mounted in the simu- 
lated cockpit. The chief factor limiting the degree to 
which simulation can be attained is the lack of con- 
trolled position of the human pilot—for example, the 
pilot does not undergo normal accelerations as would be 
the case in an actual flight. Another limitation is the 
difference in pilot response due to pilot tension associ- 
ated with actual flight conditions. During the flying 
test stand simulation program, differences between per- 
formance of actually installed components and pre- 
viously analoged characteristics of the components are 
detected, and the system is changed as necessary to 
provide a control system with response characteristics 
that satisfy its requirements. Simulator tests are also 
conducted in studying possible results of equipment 
failures. 


The system then passes through a production design 
manufacturing stage and is installed on a flyable air- 
plane. Here, again, the analog computer is used. 
The test stand simulator program is repeated with the 
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~feontrol system and steel framework replaced by the air- 


iplane itself, with the control surfaces loaded as re- 
quired to simulate aerodynamic forces. The analog 
gomputer is again used to determine airplane response 
to surface deflection and to introduce this information 
itto flight control system sensors. 
gnsors are used when practical. 


Actual airplane 
However, on occa- 
sions such as those in which inertia references are impor- 
tant, the sensors are mounted on testing tables on which 
airplane orientations can be reproduced. This step in 
the procedure indicates any performance differences 
caused by airplane installations as compared to test 
stand installation. 

During the subsequent flight-test program, most of 
the steps of this procedure may be required again, pro- 
vided unforeseen problems arise. For example, the 
system requirements may be changed as a result of the 
fight-test program, or new parameters or degrees of 
ireedom which were not included in the aerodynamic 
analog computer may become important. In solving 
problems such as this, concurrent application of the 
analog computer and flight simulators along with air- 
plane flight testing results in a considerable saving of 
fight-test hours. 
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The procedure outlined above is regarded as an ideal 
objective and cannot always be carried out. Delivery 
schedules may require reducing the time spent in one 
procedure step or may require parallel activity in con- 
ducting steps—e.g., production design may be con- 
ducted concurrently with the simulator program. 
This possibility is indicated in Fig. 1 as the Design Path. 
Another deviation from the procedure might be the elim- 
ination of testing of an actual air frame connected to an 
analog computer. This can be done by confirming by 
tests that the dynamic characteristics of the airplane sys- 
tem are the same as those of the test standsystems. If 
they are identical, it is obvious that the airplane test 
can be eliminated. Several feedback paths have been 
omitted from the figure for simplification purposes; 
however, these are not necessary for the purpose of this 
paper. 


ANALYSIS 


To illustrate the procedures involved in the synthesis 
of airplane flight controls, the longitudinal control sys- 
tem of Fig. 2 will be used. With this system, the pilot 
controls the airplane by exerting a force on the control 
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column.* The reaction force that he feels is caused 
primarily by the hydraulic damper, D, the bobweight, 
and the feel bungee, A,. 

As the pilot exerts a force on the control column, the 
input, X;, to the hydraulic servo moves an amount de- 
termined by the pilot applied force, F,, and the dynamic 
and static impedance of the input system connecting 
the control column with the servo input. In like man- 
ner, the hydraulic servo then moves the controlled sur- 
face through an angle 6,. The surface deflection then 
causes the airplane to undergo a normal acceleration, 
N,., and pitching acceleration, 6, which cause the bob- 
weight to exert a force on the control column. To this 
basic system the stability augmenter shown by the accel- 
erometer and equalizer has been included in Fig. 2. 
This device detects airplane normal acceleration, V., 
and by means of an extensible line causes the control 
surface to move through an angle in addition to that 
resulting from pilot input. 

In a preliminary analysis linear characteristics of the 
system are assumed, and the stability and response are 
determined analytically. This requires analytical com- 
bination of the differential equations describing each 
of the subsystems involved. The differential equation 
relating hydraulic servo input X, to pilot force F, ap- 


* It is assumed here that the pilot flies primarily by force feel, 
provided that the control column displacements are conventional. 
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plied at the control column, the differential equatig 
governing the response of a hydraulic servo, and th 
three longitudinal equations of motion of the airplay, 
are presented in Figs. 3a and 3b. The combination ¢ 
these equations to determine the response of the con, 
plete airplane flight control system is a straightforward 
though somewhat tedious, procedure. The proceduy 
utilizes manipulations of complex variables and soly. 
tion of the differential equations by Laplace transform 
techniques associated with Bode and Nyquist plots 
root locust plots, ete. Its chief limitations are the dij. 
ficulties in introducing nonlinearities present in prac. 
tical systems and in rapidly determining the effect ¢j 
parameter changes. The analog computer successfull 
overcomes these disadvantages. However, the analyt- 
ical method can be used to advantage during earl 
stages of the design when the system can be simplified 
and linearized. Some of the relative advantages of 
analytical and analog computer techniques will be evi- 
dent in the following paragraphs. 


THE ANALOG COMPUTER 


The introduction of nonlinear characteristics can be 
shown readily by reference to the control column sys- 
tem of Fig. 1 and the simplified stick system of Fig. 4. 
In Fig. 4 the net moment applied to the stick svstem is 
the difference between pilot moment 7°, and bobweight 
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force K, Ny, where Ng is the airplane normal accelera- 


séC') | tion at the bobweight location. The differential equa- “ 
tion governing the simplified stick system is presented | C 
in Fig. 4. In this equation the operators D, and A, are 
not the usual damping and spring rate constants used | | 
with linear differential equations but are the operators 
described by the damping and spring rate plots of Fig 6. i 3 
The damping plot represents friction, and the spring | 4} R 
rate plot represents spring preload, spring rate, and bas call 
effect of stops. Although this equation is difficult to R: 
solve analytically, it can be set up with ease on an analog £-36 ld AMPLIFIER £230, | 
computer. & | 
The computer mechanization chart that solves the a” & | 
equation of Fig. 4 is given in Fig. 5. In this figure, WHEN &, < & < & , DIODES DO NOT CONDUCT 
operations such as integration addition and the intro- THUS R, = * AND dé,/d&; = - 


duction of nonlinear characteristics performed by the 
analog computer are shown. It can easily be seen by 
inspection that Fig. 7 is a block diagram of the equation 
of Fig. 4. To provide the correct analysis of Eq. (1) 


WHEN &, < & OR < DIODES CONDUCT 


THUS R, = 0 AND dé, = O 


all that remains necessary is to produce electrical devices © 
that represent the functions shown in Fig. 5. For the +f é, 
benefit of those who have not worked with computers, 
one method of obtaining the nonlinear friction char- a, 


acteristics will be described briefly. Other operations 
are carried on by similar circuits. The circuit for this Fic. 6. Nonlinear computer element representing stick friction. 
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Fic. 7. Adding and integrating circuits of the analog computer. 


function is shown as Fig. 6 (description of nonlinear 
friction function device). The purpose of this circuit 
is to provide an output voltage, E,, which is the func- 
tion of input voltage, H;, shown in the graph of Fig. 6. 
This is accomplished as follows: When Ey < E, < 
Ex, the diodes of Fig. 6 do not conduct, and the circuit 
consists essentially of a single high-gain amplifier. Ex- 
tremely small changes in -; (because of the high gain) 
produce large changes in E,. However, as /, either 
increases so that EK, > Ex, the lower diode of Fig. 6 
conducts (no resistance), and the output voltage, £,, 
has the value 2 regardless of any further increase in 
E;. The same effect is produced as £; is reduced caus- 
ing /, to approach the value 2, at which time /, must 
be equal to Eg, no matter how small /; becomes. 
Operation of the analog computer integrator and sum- 
mer can be shown by the illustration of Fig. 7, which 
includes the simplified circuit diagrams and derivation 
of the analog equations. 

If a similar procedure is followed for the entire flight 
control system the block diagram of Fig. 8 is obtained. 
When this block diagram is converted to an electrical 
analog circuit, it simulates the entire flight control sys- 
tem. All types of inputs such as step inputs, ramp 
functions, or sine waves can be applied to the system, 
and instruments can be provided to measure any of the 
airplane responses desired. 

A photograph of such an experimental setup is pre- 
sented as Fig. 9a. The analog computers are located 


on the right-hand side of the figure. The instrumen- 
tation consisting of a recording oscillograph and sup- 
porting voltmeter, etc., is shown on the left-hand side. 
Typical results obtained from an analog computer are 
given in Fig. 9b and represent data obtained with the 
stability augmentation system of Fig. 1. The objec- 
tive of the test was to determine the desired location 
for the accelerometer to be used in the longitudinal sta- 
bility augmenter. This accelerometer would, by means 
of an extensible length, provide a surface deflection 6, 
proportional to n, and rate of change of n, with time, %,. 
It is clearly indicated by the oscillograph traces that 
the system is unstable with the accelerometer located 
at the center of gravity but is satisfactory when the 
accelerometer is located at a distance 1 ft. or more 
ahead of c.g. Fig. 10 represents the oscillograph traces 
observed when a dead band or threshold was introduced 
into the accelerometer such that no accelerometer volt- 
age was produced until the change in acceleration ex- 
ceeded 0.5 ft. per sec.*. It would have been tedious 
work to predict the oscillation due to backlash which is 
evident in Fig. 10. 


ANALOG COMPUTER AND FLYING TEST STAND 


When a flight control system is produced, the charac- 
teristics of its components are always somewhat dif- 
ferent from those predicted. In order to minimize these 
differences the actual flight control system components 
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are installed on a test stand as shown in Figs. 11 and 12. 
Fig. 11 is a view of the simulator from above and aft 
and shows clearly the rudder, the elevator, and one 
aileron. The control cables and hydraulic system are 
located below the catwalk and cannot be seen in the 
photograph. Fig. 12 is a downward view of the simu- 
lated cockpit showing the pilot’s seat, the control stick, 
and some of the instrumentation. In addition to stick- 
free tests, other tests are conducted with the pilot sit- 
ting in the cockpit and ‘‘flying’’ the simulator by ob- 
serving the instruments mounted on the instrument 
panel. In this manner, pilot comment can be used to 
some extent in the design of the control system prior to 
actual flight. 

A block diagram of the experimental setup appears 
in Fig. 18. Here the pilot is shown eperating a control 
system. The control surface deflections 6, and 6, are 
detected electrically and introduced to the analog com- 
puter, which simulates the airplane aerodynamic re- 
sponse and presents this information to the control 
system sensors. The sensors, in turn, cause the elec- 
tronic circuits of the control system to operate the con- 
trol surfaces by means of the hydraulic servos. Re- 
corders are included to obtain data of the pertinent 
parameters. The outstanding limitation of a setup 
such as this consists of lack of realistic visual presenta- 
tions to the pilot and lack of accelerations and orienta- 
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tions which the pilot would normally experience in the 
air. 

An interesting example of such a simulator study is 
shown in Fig. 14. The results shown in this figure were 
obtained from a longitudinal control system similar to 
that of Fig. 1. With this system, the proper feel forces 
were applied to the control column by means of a force 
servo that obtained its inputs from the analog computer. 
The test consisted of the pilot pulling back on the con- 
trol stick until a steady-state normal acceleration was 
obtained. The stick was then abruptly released, and 
the normal acceleration was recorded as a function of 
time. As is evident in Fig. 14, the response to this input 
was entirely different with a steady-state acceleration 
of 3g’s than with 2g’s. With each of these inputs the 
system itself was exactly the same. This is an example 
of a nonlinear effect that would not have been predicted 
by analytical methods. 

Another important application of the flight simulator 
is the investigation of results of possible component 
failures. In this application a systematic program is 
conducted to effect various failures such as tube shorts, 
open circuits, noisy potentiometers, etc. Results are 
obtained with and without the pilot operating the 
controls. An example of the results obtained from such 
an investigation is given in Fig. 15 where the airplane 
response to two different tube failures occurring within 
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an autopilot is shown. In both cases the limit load 
iactor of the airplane was exceeded, negatively in the 
one case and positively in the other. The pilot was not 
operating the control system in this test. Other tests 
have shown that pilot reaction to some failures actually 
result in a worse condition than if the pilot had not 
reacted at all. It is obvious that tests of this nature 
do not only save flight time but cannot be conducted in 
fight because of the danger involved. 


ANALOG COMPUTER WITH AIRPLANE 


This step in the procedure of developing a flight con- 
trol system is similar to that conducted with the flight 
simulator, with the exception that the airplane itself is 
substituted for the test stand. Differences observed 
and changes made at this point are caused by installa- 
tion in the airplane. A typical test setup is shown in 
Fig. 16. Starting from the right-hand side of this figure, 
the recording oscillograph, the analog computer, an 
oscilloscope, and a tilt table can be seen. The system 
under test is a sideslip stability augmenter that is used 
to maintain sideslip at zero. The basic sensor is a 
lateral accelerometer that detects lateral accelerations 
and after equalization moves the rudder to reduce the 
acceleration to zero. The accelerometer was mounted 
on the tilt table shown in Fig. 16 to avoid the necessity 
of analoging the accelerometer. Orientation of the tilt 
table is controlled by the analog computer so that at 
each instant the table angle is the same as airplane 
lateral acceleration as indicated by the analog com- 
puter. One of the results attained with this setup is 
shown in Fig. 17 where sideslip and rudder deflection 
are plotted as a function of time with sharp rudder 
deflections serving as system input. With large inputs 
it is clear from Fig. 17 that the system damping was 
unacceptably low. However, under normal operation— 
ie, reasonably small rudder inputs—the system 
damped satisfactorily. 

From a comparison of the results obtained by com- 
plete analog computer studies, by combined airplane 
ground tests, by analog computer representing the aero- 
dynamic response, and actual flight data as shown in 
Fig. 1S—along with the airplane sideslip characteristics 
obtained with stability augmentation, it is apparent 
that both the simulator and analog computer results 
agree closely with flight-test data. The figure also indi- 
cates that the stability augmenter considerably im- 
proves the airplane damping and sideslip. 


CONCLUSION 


After a discussion of this type, the question often 
arises as to the need for all of the steps described above. 


The answer to this is that simulation studies have two 
objectives: to obtain results as early as possible and 
to minimize errors by using as many actual unsimulated 
components and parameters as possible. It is a com- 
promise between these two objectives which usually 
constitutes the number of steps outlined above. For 
example, it would not be practical to assume that the 
flight control system installed on an airplane would be 
identical with the analog of the system produced before 
the design was made. This necessitates the testing of 
the airplane installation itself. In like manner, it would 
not be feasible to design the system without analog com- 
puter studies and wait until the system were installed 
on an airplane before determining whether or not the 
system would perform satisfactorily. 


The analog computer has become an almost irreplace- 
able tool in the design of airplane flight control systems 
during the last 10 years. It allows much of airplane 
“flight” testing to be conducted on the ground and 
enables the engineer to observe airplane responses much 
more directly than has heretofore been possible. The 
analog computer provides such quick results that extra 
care must be taken to avoid the pitfalls of random knob 
tuning and use of poor analogs caused by hasty setups. 
It must be constantly borne in mind that the analog 
computer can produce results only from the setup with 
which it is provided. Frequently, especially in this day 
of rapid advancement of the science of flight controls, 
the aerodynamicist, the flight controls engineer, the 
vibration engineer, or another engineer providing basic 
data that the analog computer needs, does not include 
or correctly evaluate all of the airplane parameters or 
degrees of freedom. When this happens, the computer 
obviously cannot produce results that agree with flight 
data. The solution of such a dilemma must come from 
re-evaluation of the parameters and subsequent revised 
mechanization of the analog computer. These dis- 
crepancies will always occur as long as airplane flight 
control systems are required to improve in performance 
or to control airplanes at higher speeds and _ alti- 
tudes. 


Future improvements in analog computer applica- 
tion are needed mostly in the “‘flying’”’ test stand phase. 
In this phase, the results of the simulator testing could 
be considerably improved by the use of a more realistic 
presentation to the pilot than is currently available. 
Possibly a moving-picture projection of clouds or other 
airplanes could be provided in the cockpit. Although 
seemingly impractical at present, the application of 
normal and lateral accelerations to the human pilot’s 
body should considerably improve results and extend 
the usefulness of the analog computer. 


R. C. DEHMEL* 


Curtiss-Wright Corporation 


+ jee ARE presently in operation, throughout the 
world, about 145 pilot-crew flight training simu- 
lators representing some 24 different models of air- 
craft and an well $100,000,000. 
Most of these simulators were built in the United States. 
Five different types are in air-line operation. 


investment over 
Figs. 1 
to 7 illustrate typical jet fighter, transport, and multi- 
engined bomber simulators. 
largest user of simulators for pilot and crew training, 
and all their new combat aircraft are being supported by 
flight simulators. 
among the Air Force, Navy, and air lines, and averages 
are reported from 170 to 300 hours per unit per month. 
The Air Force has announced that the hourly cost of 
operating cargo and transport-type flight 
that of operating the aircraft. 
ratio is about '/y. Even more startling relationships 
exist in other types. Reports from the Air Force indi- 
cate that the savings from a cargo simulator operating 
4,800 hours per year are over $1,500,000. This means 
that they are offsetting their original cost in less than | 
year. Air Staff policy is that flight simulators improve 
quality, prevent accidents, minimize check-out time, 
and permit emergency procedure training 


Our Air Force is by far the 


Utilization of these machines varies 


simulators is 


For bombers the 


not pre- 
viously possible. 

In 1954 there was a turning point in flight 
planning and procurement. 
ing up with existing models of aircraft, and the simu- 
lators were utilized for (a) transitioning quantities of 


simulator 
Previously, we were catch- 


pilots from other types and (b) routine recurrent pilot- 
crew training for maintenance. 

In the future, most simulators will be built and de- 
livered well ahead of the first flight of the mother air- 
craft. This will give the simulator the additional 
utility of providing (1) initial qualification of test pilot 


personnel on the new and unflown airplane, (2) means 


Presented at the Electronic Aids to the Aircraft Industry 
Session, Twenty-Third Annual Meeting, IAS, New York, Jan- 
uary 24-27, 1955. 

* Chief Engineer, Electronics Division. 

t Minutes of USAF World Wide Flight Simulator Symposium, 
p. 158. 
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for investigating the human factors in man-machip 
relationships, and (3) alleviation of major ‘‘bugs’’ in th 
new design. 
As further experience with these simulators is a 
applications will develop. 
were phased into the aircraft program at: 
sufficiently early date, it could also provide means for 


quired, more For exampk 


if a simulator 


evaluating design parameters of drawing-board ait 
craft in terms of pilot acceptance. 

Because simulators are expensive, ranging from ser 
eral hundred thousand dollars for production units t 
well over a million dollars for large multiengined proto- 
types, it is essential that they be employed as effectively 
and for as long a life as possible. Maximum trainings 
derived from simulators when they fully reproduc 
operational situations. Hence they should, as neath 
as possible, represent the whole task. 
properly designed and used, assures not only the 


A simulator, i 


Care shoul 
be exercised to avoid developing isolated skills as they 
may have unpredicted transfer effects. 
limitation of part-task trainers. 
not to omit the learning of other skills that, because 
Whaoke. 
task simulators offer the completeness and high fidelity 


balance but also the presence of all skills. 


This is one 
It is also important 


their absence, may produce dangerous transfer. 


in performance required for correction of negative skilk 
acquired elsewhere and provide for development 0 
crews with integrated learning relevant to a specifi 
model of airplane. 

When a crew has reached the desired proficiency # 
handling the aircraft under all conditions, most of the 
To promote goo 
habits and develop judgment an instructor’s station’ 


operations have become habitual. 


provided for controlling and monitoring the flight (Fig 
8). Over 100 troubles can be introduced at a consok 
to simulate specific failures or progressively compound 
Be. 


cause a simulator can operate beyond the safe limits @ 


irregularities into emergency situations (Fig. 9). 


the actual aircraft, it permits the learning of more emef- 
gency task skills than the airplane itself. United Ait 
Lines, Inc., which uses four simulators, reports that i 
an &8-hour simulator course their crews are receiving more 
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experience in handling malfunctions of the aircraft than 
they obtain in 15 to 20 years of line flying. 

To the extent that we build simulators while the air- 
cralt is still on the drawing board or during X-model 
development, major modifications will occur during the 
construction and life of the simulator. The expedient 
jandling of these changes is the most important current 
simulator problem. There are two phases of this prob- 
jem: (1) to determine which aircraft changes should 
be incorporated in the simulator, and (2) to incorporate 
the necessary revisions with the least cost and loss of 
smulator operating time. 

The decision whether or not to incorporate an air- 
craft change in the simulator must be based on training 
value since Our concern is with simulating task require- 
ments and not equipment-—unless the simulator is de- 
signed to aid aircraft development also. The extent to 
which a modification is required for this task simulation 
or for adequate student motivation varies in each in- 
stance. Accordingly, there can be no absolute criteria 
ior evaluating changes. However, the following may 
grve as a guide to show changes that, if significant, are 
usually desirable in the simulator: 

(1) Performance—(a) Changes in basic stability de- 
tivatives or power. (b) Changes in rate, magnitude, 
or nature of any basic system. 

(2) Configuration (Cockpit)—(a) Location or appear- 
ance of instruments, lights, switches, or controls. 

(3) Procedure—(a) Changes in aircraft equipment 
resulting in revisions to operating sequences, direction, 
or magnitude whether normal or emergency. 

It is entirely feasible to design and build pilot-crew 
fight simulators concurrently with new aircraft, and it 
isalso practical to keep them current with respect to 
aircraft revisions affecting training. However, to do 
s0 will require adoption of the following policies: 

(1) Good liaison between the aircraft and simulator 
manufacturers for rapid and adequate provision of 
change notices, data, and parts. 

(2) Provision of funds and delegation of authority to 
simulator manufacturer to use his own judgment re- 
garding inclusion of any scheduled aircraft modification 
subject to customer stop-order control). 

(3) Continued development and standardization by 
the manufacturer of simulator components and systems 
which are universally applicable to all types of aircraft 
and will easily accommodate aircraft changes. 

(4) Maintenance of qualified and adequately equipped 
latory and field personnel to incorporate changes as 
required. 

In considering the above, the problems with respect 
‘o policy No. 3 may be the least obvious and therefore 
Warrant a brief review. One of the foremost consid- 
tations of any manufacturer is a constant reduction 
cost consistent with quality and scope of product re- 
quirements. The simulator manufacturer adds the 
‘somewhat unusual objective of easy conversion from 
we model or set of characteristics to another. Both 
ibjectives are accomplished by designs that have uni- 
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versality of application and can therefore be standard- 
ized. Accordingly, Curtiss-Wright several years ago 
engaged in an intensive program for standardization of 
flight simulator components and assemblies. All likely 
configurations of aircraft were considered. Design 
parameters for existing and probable engines and air 
frames were cataloged and their ranges listed together 
with expectable variations. This formed the basis of 
versatile analog circuitry for flight and engine simula- 
tion. In addition, many components were standard- 
ized as shown in the following tabulation: 


STANDARDIZED EQUIPMENT ITEMS 
Radio aids 
Recording apparatus 
Regulated power supply 
Supplementary power supplies 
Main distributing frame 
Control loading mechanisms and amplifiers 
Interconnecting cables and rack structures 
Instructor’s housing (modular) 
Various instrumentation 
Flight computer 
Engine computer 
Computing amplifiers 
All servos, gear boxes, and potentiometer components 
Air conditioning 


In the aggregate, the above standardized assemblies 
represent about one-half of the manufacturing cost of 
the simulator. Since they comprise the greatest por- 
tion of the simulator, it is obvious that continued cost 
reduction efforts should apply with particular emphasis 
on the remaining apparatus not listed. 

An objective in the design of each standardized unit 
and its associated mounting accessories was that it 
could be replaced with improved equipment with a 
minimum effort. 

The success of this program is indicated by use of 
the resulting standardized items in the design of the 
twelve different simulator models below: 


C-119C C-119G 
C-124A C-124C 
B-36 C-121 
DC-6B C-118 
DC-7C C-130 
CV-340 C-131 


In discussing simulators and their components, the 
flight and engine computers have by far the most pop- 
ular appeal. 

Both analog and digital computers have individually 
unique characteristics that are desirable for whole-task 
flight simulator use. However, only the analog system 
has been successfully employed to date. This is be- 
cause the analog has lent itself better to real-time inte- 
gration, which is the fundamental computation process 
in flight simulators. Moreover, it has been better 
adapted for operation from and into the pilots’ controls 
and the flight instruments that are themselves charac- 
teristically analog devices. _However, recent improve- 
ments in speed and logic as well as in analog-digital 
transducers are making the digital computer somewhat 
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more of a contender than in the past. There also have 
been numerous advances in means for increasing storage 
capacity. This is essential in whole-task flight sim- 
lator application because of the many parameters 
employed and the multiplicity of operations performed 
on them. Digital computers afford good accommoda- 
tion to aircraft performance modifications through pro- 
graming. In addition, they have the inherent attri- 
putes of high accuracy and repeatability. Therefore, as 
the capacity, real-time performance, and cost of digital 
machines (and their adaption accessories) become more 
competitive with the analog, they could find application 
inflight simulators. It is estimated that they may not 
fully compete with the analog for another 5 years or 
more. 


With the present state of the art, analog computers 
afford superior simulation of aircraft performance, and, 
when developed from highly versatile, standardized 
units as described above, they provide satisfactory 
flexibility for handling model and performance changes. 
Their design has become so efficient that they represent 
less than 25 per cent of the manufacturing cost of a 
pilot-crew flight simulator. 


Analog computers may be based on d.c. or a.c. car- 
tier, or combinations of both. If a.c. is employed, the 
choice of frequency is conveniently that of the power 
line—or 400 cycles per sec. A.C. systems are simpler 
and more reliable than d.c. as they require fewer plate 
supplies, have much less contact trouble, possess more 
inherent component stability, and contain fewer cir- 
cuit elements, particularly when the variables are non- 
linear. D.C. computers are preferable when calcula- 
tions require differentiation, step-function or other high- 
speed transient analysis, special initial or boundary 
conditions, and graphic display of the solution on an 
oscilloscope or chart. These are usual requirements in 
research work and have led to the development and ex- 
tensive laboratory use of such general purpose d.c. ana- 
log equipments as the REAC, GEDA, Electronic Asso- 
ciates, and others. However, none of the above features 
of d.c. superiority are criteria for pilot-crew whole-task 
fight simulators. Here the requirements are continu- 
ous integration, provision of a hundred or more non- 
linear function generators, moderate (1 per cent) accu- 
racy, medium-frequency response (several cycles per 
sec. around a loop), shaft actuation of output indicators, 
and a high order of reliability. 


Operational flight simulator computations may be 
regarded as depicting (a) static (constant acceleration) 
behavior and (b) dynamic (transient) behavior. A.C. 
i0-cyele computers have been thoroughly satisfactory 
for matching static characteristic performance data. 
They yield results well within the variations found 
among production aircraft. However, they have not 
heretofore matched the dynamic data as well because 
of integration dead-zones and somewhat inadequate 
setvo response. Better frequency characteristics can 
be obtained more easily with 400-cycle operation than 
with 60 cycles per sec., but the long cabling of these 


INSTRUCTOR'S STATION 


Fic. 8. Instructor’s station. 


simulators greatly increases cross talk, noise, and phase- 
shift, which impairs accuracy and further impairs inte- 
gration range. Seeking in turn to alleviate these limi- 
tations, some designers have combined d.c. integration 
apparatus with 400-cycle servo-driven multipliers and 
function generators. These complications are unneces- 
sary and can be avoided by more careful design of the 
60-cycle servo components. , 

A recently developed high-response 60-cycle servo 
with excellent dead-zone reduction is shown in Fig. 11. 
In the upper rear of this picture is a set of contoured 


potentiometers. They are the function generators 


Fic. 9. Trouble console front 
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that match the characteristics of a particular aircraft. 
These potentiometers assemble into the motor-driven 
servo unit shown at the center of the figure. In the 
immediate foreground is the amplifier that controls the 
motor and, just to the rear, is its low-frequency gain 
boosting network. This, in combination with good 
gearing, effectively overcomes dead-zones. The ampli- 
fier has adequate margin to avoid nonlinearities due to 
saturation, under the severest flight maneuvers. The 
frequency response of this servo is such that when used 
in combination with others in a multiservo-loop sys- 
tem, the capabilities are well in excess of the require- 
ments to simulate any forthcoming airplane. As illus- 
tration, the system matches the frequency and damping 
of the short-period and phugoid oscillation of a high- 
speed airplane to approximately 2 per cent. 
flight indicator can be seen at the left. This operates 
from the synchro-transmitter on the servo unit, which, 
in turn, moves in linear relationship to the computing 
potentiometers. 

In designing computers for flight simulators, the end 
objective should not be forgotten. If this is primarily 
pilot training, computer fidelity should equal but need 
not exceed the match between production aircraft. It 
is much better, from a pilot-training viewpoint, to build 
a computer that will remain at its initial tolerance month 
after month with relatively little maintenance than it 
is to build a more complicated machine that, because of 
maintenance difficulties, deteriorates to a lower level. 
The 60-cycle computer has proved exceptionally re- 
liable and, when properly designed, gives good repeata- 
bility in manufacture and throughout its life in the field. 
Air-line simulators employing such equipment are now 
averaging less than | per cent loss of scheduled time due 
to maintenance. A 60-cycle per sec. analog simulator 
in service with Pan American World Airways, Inc., has 
completed over 20,000 hours of training time at La- 
Guardia and is now re-installed at San Francisco for 
further daily operation. 


A typical 


This machine has seen con- 
tinued periods of use averaging 16 hours per day. It 
has been modified on various occasions, including pro- 
peller changes, to keep it current with the air vehicles. 
Modifications to simulators may be classified as 


(A) Performance Changes (Computer): 

(1) Change in performance characteristics involving 
only a change in the functions relating the same var- 
iables. 

(2) A change in performance involving new variables. 

(3) Inclusion of entirely new functions representing 
additional equipments. 


(B) Changes in Cockpit Configuration: 
(1) Revisions in instrumentation. 
(2) Re-arrangement and additions of equipment. 


(C) Basic Design Improvements. 

Let us examine how an analog computer is modified 
to encompass aircraft changes. Fig. 10 is a simplified 
diagram for a longitudinal system. The proportionat- 
ing input resistors are shown at R; the servo-amplifiers, 
potentiometers, and other components are similar to 
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those of Fig. 11. Each functional potentiometer gen. 
erates one of the terms in the respective equations. 


If the change to the aircraft performance affects only 
the slope of a function, as shown by the dotted line of 
Fig. 12, this can be embodied in the analog computer 
merely by altering the value of the corresponding pro. 
portionating resistor. This resistor could in fact be 
made a variable rheostat as shown. The cost of sucha 
change is largely the analysis time involved. 

A more likely change is where the aircraft modifica. 
tion alters the shape of the function, as shown in Fig. 13. 
This is incorporated in a simulator by changing the con. 
tour of the potentiometer representing each affected 
function. Usually a change is also required in the value 
of the associated proportionating resistors. If there is 
a change in the intercept, an additional biasing resistor 
(input) can be added (Fig. 14). If dynamic character. 
istics are affected, as is frequently the case in an engine 
modification, a change in ratio of the servo gearing may 
be involved. Many different gear ratios have been 
standardized. 


A type of modification to the aircraft which may 
appear innocent but is quite troublesome in the simu- 
lator is the substitution of one instrument for another 
with different scale expansion. Fig. 15 illustrates the 
effect. The change in scale of these wing flap indicators 
requires reshaping all of the potentiometers to compen- 
sate for the angular disparities and changing the syn- 
chro-transmitter gear ratio. 


More serious than the foregoing modifications are the 
effects of a change in equipment which adds variables. 
Consider, as an example, the addition of a manual spark 
advance control for the engines. Fig. 16 shows the 
original basic circuit for the engine in solid lines. The 
dotted lines are additional apparatus necessary for in- 
clusion of the manual spark control. Since the wires 
represented by the dotted lines run between computer 
cabinets, the trouble console, switches in the cockpit, 
and several distribution points, it is obvious that many 
wiring diagrams, chassis drawings, terminal designa- 
tions, and apparatus drawings are involved. 


It has been our experience that the average airplane 
modification affects about one-half of the function gen- 
erators in the computers. Small changes usually can 
be individually included in a prototype simulator while 
it is in design and construction without delaying deliv- 
ery. Larger changes, however, are more advanta- 
geously introduced in blocks. To avoid delivery delays, 
a freeze date for all changes becomes essential when the 
later stages of construction are reached. Procurement 
lead time is an important factor in establishing this 
freeze date. Availability of performance data is an- 
other most important factor. 


One of the major items of costs in any modification 
program is the analysis of the aircraft and engine data. 
Flight simulator computers are designed according to 
the basic aerodynamic coefficients, derived from wind- 
On the other hand, subsequent flight- 
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Fic. 10. Longitudinal system. 


Fic. 12. Modification to computing system to accommodate 
change in function slope. 
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Fic. 14. Modification to computing system to accommodate 
change in function intercept. 


FLIGHT SIMULATOR ANALOG 


OMPUTER COMPONENTS 


Fic. 11. Flight analog cocapeter components. 


Fic. 13. Modification to computing system to accommodate 
change in function (contour). 
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Fic. 15. Modification to computing system to accommodate 
change of cockpit indicator. 
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Fic. 16 


Modification to computing system to accommodate 
additional functions. 


test data, forming the criteria for simulator modifica- 
tion, are given in terms of directly measurable aircraft 
quantities such as force and deflection of the elevator 
and stick vs. air speed at various altitudes and power. 
Since many of the functions in a simulator must be com- 
puted to better than 1 per cent—e.g., speed-power at all 
configurations and altitudes—it cannot be assumed, a 
priori, that various parameters have not been affected. 
Verification requires the quite tedious transformation of 
flight data to the basic aerodynamic design parameters. 
Difficulties in this work are often introduced by in- 
completeness of data. Frequently the airplane man- 
ufacturer does not explore certain performance charac- 
teristics. For instance, in an engine modification, de- 
tailed ground run-up information is usually lacking be- 
cause the airplane manufacturer was not interested un- 
less an overheat or some other unsatisfactory condition 
prevailed. The form in which data is received is highly 
important. Often it is supplied as faired curves that, 
when consolidated and extrapolated to obtain intercept 
parameters, show distinct inconsistencies. Hence the 
simulator manufacturer usually prefers receipt of the 
test points themselves with only the test corrections 
applied. If the data are in error or inconsistent and 
scatter well beyond the tolerances acceptable for the 
simulator, our problem is nearly insolvable. 

There is perhaps less need to discuss in detail the effect 
of Cockpit Configuration Changes because everyone con- 
cerned with aircraft can quite readily envision the work 
that any mechanical re-arrangement would present in 
the simulator. It may be simpler or more difficult to 
alter the simulator than the airplane. As illustration, 
if a simulated instrument has rear-of-panel dimensions 
larger than the corresponding aircraft instrument, 
troublesome interferences may develop in connection 
with certain relocation changes. Also, many wiring 
changes can occur as a result of instrument movement 
or substitution. 

An example of a four-engined transport cockpit change 
now in work at our plant is modification of a C-97A sim- 


Fic. 17. Change in cockpit configuration: 


ulator to C-97G configuration and performance. The 
respective flight engineer's stations are shown in Fig 
17. This change is essential to avoid negative transfey 
in training. Manual spark advance controls noy 
occupy the location of the cowl flap and intercooler flap 
switches which have been moved from the forward 
flight engineer’s panel to the side panel. Numeroys 
instrument revisions have been made, including a change 
from dual 3-in. M.A.P. and r.p.m. instruments to indi. 
vidual 2-in. instruments. The fuel control arrange. 
ment is different, and electrical system controls have 
been moved. A number of similar changes will be evi- 
dent on close inspection. 

Basic Design Improvements are the last category of 
changes to be considered. These are usually infrequent 
and less troublesome than either performance or cock- 
pit modifications. In general, revisions to incorporate 
basic design improvements arise through the availabil- 
ity of better apparatus and are made to improve main- 
tenance and not pilot training. They are usually ac- 
complished at overhaul or some other convenient time. 

(Continued on page 119) 
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Missile Designer? 


FLOYD E. NIXON* 
The Glenn L. Martin Company 


WwW" CAN electronic simulators do for the missile 
designer? This is not a difficult question to 
answer; nor isit an easy one. The difficulty of answer- 
ing the question is reduced if it is limited to a specific 
aspect. For example, you often hear that a certain 
computer is capable of 10,000 additions and subtrac- 
tions per sec. or that another computer can solve 18 
simultaneous differential equations. Hearing this, the 
average person replies with a polite ‘““How nice!’ But 
asupervisor or chief engineer replies with a challenging 
“So what?” 

Probably all answers to the question “‘What can 
electronic simulators do for the missle designer?’ fall 
into two major classifications. The first is that elec- 
tronic simulators stimulate creative thinking, and the 
second is that they perform routine computations. 

In the aircraft industry, it is difficult to justify the 
purchase or rental of an electronic computer on the basis 
that it can do as much work as 1,000 mathematicians 
at the cost of 10 mathematicians. Your chief engi- 
neer’s viewpoint is that you do not have 1,000 mathe- 
maticians; therefore, why is such a computer needed? 
(This is not true in businesses that require large book- 
keeping or inventory control staffs. There, routine 
computations can be done quicker, more accurately, 
and more efficiently with electronic computers.) How- 
ever, I know of no engineering staff that has ever been 
reduced by the addition of electronic computers. Usu- 
ally just the opposite occurs; the engineering costs are 
increased by the addition of the computer, and the en- 
gineering staff is appreciably increased, often by a fac- 
torof two or three. Accordingly, it is felt that the only 
justification for electronic computers lies in what they 
can do to stimulate creative thinking. Some examples 
will be discussed later. 

These remarks should not be interpreted to mean 
that missile production costs are increased because elec- 
tronic simulators are used; even the missile engineering 
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What Can Electronic Simulators Do for the 


costs are not increased. The first statement is the more 
evident, because by determining designs that are not 
feasible, the proverbial ‘“‘stitch in time saves nine’”’ 
applies, and misdirected missile production costs are re- 
duced. Missile engineering costs are affected in a dif- 
ferent manner. You no longer build the same types 
you did 10 years ago. Partially, this is because elec- 
tronic simulators have helped you explore designs, 
speeds, and capabilities which would have required 
sizably larger engineering staffs if the same progress 
rate were maintained. 

In order to discuss specific problems where an elec- 
tronic simulator can aid design, it is necessary to refer 
to tvpical examples—for instance, the design of an air- 
to-air missile. Fig. 1 shows some of the design factors 
involved. First, the missile designer must decide on a 
type of navigation which adequately meets his design 
requirements. Design requirements are such things as 
cost, size, range, weight, and target capabilities. Sev- 
eral navigation methods are possible, and some are 
represented by the blocks in Fig. 1 entitled pursuit 
course, constant bearing, proportional navigation, and 
command control. 

A pursuit course is one in which the missile always 
points toward the target. A constant bearing course 
is one in which a detecting element—for instance, a 
missile-contained radar—always points in the same 
direction in space. If the target moves, this is detected, 
and the missile moves until the pointing direction of the 
detecting element indicates that collision with the tar- 
get will take place. This enables the missile to ‘‘lead”’ 
the target and predict the collision point. A propor- 
tional navigation course is one where the detecting ele- 
ment always tracks the target. If the detecting ele- 
ment must move to continue tracking, it indicates that 
the missile does not have the proper lead for collision. 
Therefore, the missile is turned an amount proportional 
to the detecting element’s turning. Command con- 
trol consists of an operator controlling the missile flight 
path to effect collision. 

Each of these navigation methods can be studied on 
electronic simulators. This is done by expressing the 
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Fic. 1. Design factors of an air-to-air missile 
navigation method by mathematical equations and in- 
cluding in those equations additional effects that are 
important. For example, an air frame requires a cer- 
tain finite amount of time to respond to aturn command. 
Realistic air-frame time lags must be included in the 
navigation studies. This does not mean that it is neces- 
sary to include a typical set of air-frame equations that 
include realistic force and moment coeilicients. At 
this early design study stage, just the opposite is de- 
sired. We can assume that the missile air frame has 
certain response times and certain damping ratios. and 
we can study the effect of varying these factors over 
wide ranges. Such a study might show that, as regards 
a certain navigation method, there is little difference 
between the hit probability if the missile air frame re- 
sponds in 5 sec. or in 15 sec. 
to the air-frame designer. 

Similarly, a general study of navigation methods will 
show the requirements of other vital factors. In order 
to come within a tolerable miss distance, simulator 
studies may show that the missile maneuverability 
needs to be—for example—3g. This is vital informa- 
tion for the structures designer. Certain tactical sit- 
uations may demand more than 3g—for example, they 
may demand 10g for a zero miss distance. But if the 
missile maneuvering capability is only 3g, the miss dis- 
tance still may be adequately small. This is vital in- 
formation for the designer of a g-limiting system. Thus 
if 3g is adequate, 10g may yet be required because of 
gusts or certain trajectory cases; an electronic or other 
method that limits the missile maneuverability should 
be incorporated if this reduces the cost structurally or 
otherwise. 

These same generalized studies can zero in on the 
effect of practically every factor that affects missile 
performance. Noise of a type that is typically en- 
countered can be injected at any point in the system. 
The launch point with respect to effect of the target 
approach aspect and range can be determined. 

A typical special problem that arises is concerned 
with the stabilization of a missile-contained, target- 
tracking radar antenna. Suppose the missile were sub- 
jected to a gust that moved the air frame up 5°; the 
antenna would also move unless it were stabilized by a 
device such as a gyro which would move the antenna 


This is extremely useful 
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5° down, thus keeping the antenna pointed in the same 
space direction. Studies are conducted to determine 
the effect on the navigating system with and without 
such stabilization. Let us take the problem just aq 
little further. Suppose the antenna is stabilized so that 
it continues to point in the proper space direction, 
Now, however, it is viewing the target through a dif- 
ferent portion of its radome, and it is entirely possible 
that this new portion refracts (or bends) the radar waves 
in a different manner than the preceding portion did, 
These studies are also important and can be accurately 
simulated on electronic computers. 

Actually, studies such as have been mentioned should 
be classified as being more in the category of routine 
computations than as stimulating creative thinking, 
They are important, and many are of a nature that is 
next to impossible to do unless electronic simulators 
are used. But their nature is more of an orderly step- 
by-step analysis of the various factors involved. If no 
serious problems are encountered, a logical design 
should result. If, however, an impasse arises, the stud- 
ies serve as a basis for stimulating creative thinking, 
and electronic simulators serve as powerful analysis 
tools. 

For example, long before any electronic simulators 
are used, considerable “paper-work’’ analysis is _per- 
formed. The most customary paper-work technique is 
that which uses conventional linear control system de- 
sign procedures. Now there is nothing linear about the 
equations that define the motion of an air frame, ex- 
cept under limited restrictions as to altitude, speed, and 
angle of attack. Similarly, there is nothing linear about 
space angles that always involve trigonometric func- 
tions, except within very small angular movements. 
Nevertheless, linear theory serves us well and enables 
most effects to be evaluated. Always, however, the 
designer must stop and consider the fact that even 
though linear theory is easier to use and its results easier 
to analyze, this does not mean that the optimum sys- 
tem—as far as production cost, simplification, and 
accuracy—has been achieved. 

One example of an application arose in the design of 
a g-limiting device. We wanted the air-frame maneuver 
to be limited to a certain number of g’s. Using linear 
theory we could design the system so that the input 
voltage (representing a g demand) could be limited in 
order not to exceed a certain value. Then the output, 
in the steady state, would not exceed the same value. 
However, all linear systems, unless they are damped 
so that they take a long time to respond, overshoot the 
input demand. Since the dynamic characteristics of 
an air frame may change radically with speed and al- 
titude, the overshoot magnitude is not constant. In 
some cases it would be 10 per cent more than the de- 
mand; in others, it would be as much as 50 per cent. 
This meant that in order not to exceed the design value, 
linear theory required that the system be set for 67 per 
cent of the design value. Then, overshoots of 50 per 


cent would just meet the design limit (but only during 
the transient period), and overshoots of 10 per cent 
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would call for a maximum of somewhat less than 75 
per cent of the design value. T his limited the air- 
frame capabilities. 

We found that a linear system combined with a non- 
linear override system improved performance consid- 
erably. Briefly, it works in this way. The linear sys- 
tem was designed for adequate stability, but no restric- 
tion was placed on the input demand. Thus, if the full 
design value were applied, the linear system by itself 
would respond as fast and stably as possible and, in 
fact, would overshoot by as much as 50 per cent. The 
nonlinear override system is activated when the accel- 
eration output is 90 per cent of the design value. Im- 
mediately, it cuts the input demand to zero and also 
applies a negative pulse to the control surfaces which 
effectively stops the output acceleration just before the 
design value is reached. When the output accelera- 
tion falls below 90 per cent of the design value, the over- 
ride system drops out, and the linear system continues 
until the same situation again arises. 

We have found that override systems often appre- 
ciably improve performance. However, electronic sim- 
ulations are definitely required for their development. 
Another case arose in the range stability of a missile. 
As the missile neared the target, the range became 
smaller. In the analysis of the system it could be shown 
that the inverse of the range was a system gain. Thus, 
an extremely high gain occurred in the system at small 
ranges, and the navigation system actually became ap- 
preciably unstable. An override system again proved 
quite promising. 

On the other hand, we have found that in some cases 
a linear system can be better than a nonlinear system. 
This arose in one case where we thought that meeting 
the design requirement was difficult, using a linear 
system. We explored nonlinear possibilities and found 
a good solution. However, close study of the non- 
linear system indicated that a linear device similar to 
it should be satisfactory. When this linear arrange- 
ment was used, good results were obtained. 

It is interesting to follow the pattern of problems 
that are given to an electronic simulator. When the 
equipment first arrives in an engineering section, the 
problems given it are few. Then, one by one, the var- 
ious engineering groups stroll over to the man in charge 
of the computer, say they have a problem that is such 
and such, and ask, ‘‘Can The Brain handle this?” Usu- 
ally these problems are quite routine and involve man- 
ually tedious calculations, and usually the computer 
can solve them much more efficiently. As each of the 
engineering groups find out about this wonderful ma- 
chine, they bring over many more problems, and these 
are still of the routine type. 
tremely simple. 


Often they are also ex- 


Over a period of time, many routine problems are 
solved—in fact, so many that the problem-giver begins 
to know the pattern of the solutions, and soon he knows 
what the answer will be before The Prain has had its 
chance. Now, something new develops. In place of 
foutine problems, the designer wants more complicated 


and detailed problems solved. As he becomes more 
familiar with simulator operation, he experiments with 
control techniques and takes fuller advantage of the 
computer capabilities. 

Electronic simulators are useful for flight evaluation. 
Several types of information are desired. Was the 
flight performance as predicted? Do the air-frame 
characteristics agree with wind-tunnel or estimated 
values? Was the controller operation proper? 

It should be anticipated that these questions will arise 
after a flight. 
quired. 


Therefore, certain preparations are re- 
For example, a low-altitude flight may re- 
quire very small control-surface deflections that call for 
extremely accurate information. An- 
other flight plan may require larger movements but, at 
the same time, appreciable changes in trim positions. 
If the purpose of a flight is to evaluate certain charac- 
teristics, the entire flight should be accurately simulated 
prior to the flight test, and the information obtained 
from the simulation should be used to select signal levels 
for the telemetering channels. 


telemetering 


This sounds rather ob- 
vious, yet it can be overlooked. Certain inputs are 
much more informative than others. For example, a 
step input into a system that reponds in a few hun- 
dredths of a second yields telemetering information that 
is practically useless. Similarly, a sinusoidal input of 
a frequency too far removed from the air-frame natural 
frequencies may also yield little information. 

Once a flight has been performed, additional prob- 
lems may arise which require simulators. On one of 
our flight tests, we found that the missile was subjected 
to a 12° roll due to launcher effects. Analysis showed 
that both the magnitude and the direction would be 
reasonably repeatable. Each time the missile would 
roll 12° and return to 0°. This magnitude was too 
high for compatible operation of the entire system. 
Simulator studies showed that it could be reduced ap- 
proximately 50 per cent by increasing the roll-system 
gain. This was feasible. Larger increases in the roll 
gain introduced other design problems. While a 50 
per cent increase in gain brought the roll down to 6°, 
this was just on the border line of satisfactory opera- 
tion. Offsetting the control surfaces slightly yielded a 
system within tolerances and one that first rolled 3° in 
one direction, then 3° in the other direction. These 
studies were performed between the first and second 
flights. The electronic simulators played a useful and 
speedy part in this study. In addition to the immediate 
solution discussed above, the simulators also helped us 
develop even better solutions that could be incorporated 
later. 


In conclusion, let us reverse the initial question and 
ask, ‘““What can the missile designer do for electronic 
simulators?”’ The answer is think, and this is spelled 
think, not in the currently popular manner thimk. 
Thinking must take place before the problem is set-up 
so that the proper equations and conditions are repre- 
sented. While the problem is being solved, the de- 
signer should have a good idea of all the different re- 
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sults he expects, and he should be fully prepared to 
alter the problem in order to explore important answers. 
After the problem has been solved, thinking is again 
important. The designer should carefully consider 
exactly what has been accomplished, how it could have 
been improved, if the problem was necessary at all, and 
what his approach will be on the next similar prob- 
lem. 
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I have discussed some of the typical problems tha 
have made electronic simulators more than just help 
ful tools. As we learn more and more about design 
techniques, we find that we become practically com. 
pletely dependent on electronic simulator help. We 
also develop a deep respect for these machines and feel 
they are largely responsible for the progress that has 
been made in the missile field. 
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Fluctuating Data 


FRANCIS B. SMITH* 


ABSTRACI 


Experimental studies of buffeting, flutter, and atmospheric 
turbulence produce data which are not amenable to analysis by 
the usual process of measuring or calculating discrete values of 
static force, pressure, or moment. Instead, where randomly 
fluctuating quantities are involved, it becomes necessary to use 
statistical methods to analyze and describe the phenomenon 
being investigated. The types of information usually required 
are probability distributions, power spectra, and cross spectra. 

In order to avoid the time and expense involved in using con- 
ventional numerical methods for securing the various statistical 
analyses, the NACA uses a technique of recording data on 
magnetic tape and playing it back into electronic analog analyzers 
which perform the desired analyses and automatically plot the 
results. 

The magnetic tape recording system and the analog analyzers 
are described in this paper and their application to aeronautical 
problems is illustrated. A discussion of the comparative accuracy 
and reliability of the numerical and analog methods is also in- 
cluded. 


(1) INTRODUCTION 


9 MUCH OF THE EXPERIMENTAL WORK undertaken in 
aeronautical research and development it is possible 
toset up experiments so that the amplitude of any quan- 
tity being measured remains very nearly constant dur- 
ing a given test run. In this case a precise measure of 
the static level is sought and any fluctuations in the 
level occurring during the run are considered to be 
“noise” which must be eliminated by filters or faired 
through on the time-history record. 

However, many phenomena being studied produce 
data in which random amplitude fluctuations are in- 
herent and measurement of average or faired levels only 
isof little or no value. Typical examples are gun aim- 
ing errors encountered in fire control systems, loads im- 
posed on airplanes by turbulence or buffeting, stresses 
produced by engine noise or vibration, and aircraft 
landing gear loads caused by rough runways. In these 
cases, the information sought must be secured by anal- 
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Analog Equipment for Processing Randomly 
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ysis and study of the random amplitude fluctuations 
about the mean value. 

The most practical way to describe quantitatively 
these amplitude variations is to use the statistical tech- 
niques which have been devised for analyzing stationary 
random time series. The simplest and most familiar 
of these techniques is the probability distribution, 
which, for example, has been used for years to describe 
atmospheric turbulence. Recently, the generalized 
harmonic analysis techniques have been developed and 
are being successfully applied to many random-type 
data analysis problems. 

The theoretical aspects of these techniques have been 
discussed by Wiener,'! Tukey,” and Rice,* and specific 
applications to aerodynamic problems have been de- 
scribed by Clementson,‘ Liepmann,’ Summers,® Press,’ 
Chilton,® and others. 

These authors have demonstrated that statistical 
techniques are extremely useful in aeronautical re- 
search. However, if conventional time-history records 
and numerical data work-up procedures are used to 
secure the various required analyses, the application of 
these techniques to actual samples of experimental data 
is a time-consuming and expensive process. This is es- 
pecially true in the case of power and cross spectra de- 
terminations. In addition to the digital computer ex- 
pense involved in making the thousands of required 
numerical calculations, several days may be required 
to read the necessary number of data points from the 
time-history record. These factors often seriously re- 
strict the number of statistical analyses that might be 
made, or force one to limit severely the length of the 
data samples and to accept the consequent poor sta- 
tistical reliability. 

To overcome these limitations the NACA has com- 
bined commercially available electronic equipment with 
NACA-developed components to provide an analog 
data processing facility which produces the required sta- 
tistical analyses rapidly and inexpensively. This fa- 
cility consists of four basic elements: (1) magnetic 
tape data storage and playback system, (2) a probabil- 
ity distribution analyzer, (3) a power spectral density 
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analyzer, and (4) a cross spectral density analyzer. 
This paper will describe these pieces of equipment, 
in the order listed, and will briefly illustrate the appli- 
cation of the various types of analyses to aeronautical 
research. 


RECORDING 
SYSTEM 


(II) MaGnetic Tape AND PLAYBACK 


An essential part of the data processing facility is the 
magnetic tape recording equipment illustrated in Fig. 1. 
This equipment provides a means for storing the data 
in such a way that it can be accurately reproduced in a 
form most suitable for analog processing. 

Instead of recording data directly on magnetic tape 
a frequency-modulated carrier system is used. This 
permits the storage of very low frequency and d.c. data 
and eliminates much of the spurious amplitude varia- 
tion which would otherwise be caused by tape imper- 
fections and tape wear. It also makes possible the di- 
rect recording of FM radio telemeter data. 

Where the data to be processed are produced by a 
stationary facility such as a wind tunnel, the tape re- 
corder and FM modulators are located at the facility. 
Where the data are produced by an airplane, helicopter, 
or rocket-propelled missile, the data are transmitted to 
a tape recorder on the ground by a radio telemeter link. 
Or, if the data to be processed have been previously re- 
corded as a trace deflection on photographic paper or 
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film, a transcribing machine is used to convert film de- 
flections to a frequency modulated carrier which is re- 
corded on tape. 

Use of magnetic tape recorders provides a great deal 
of flexibility in handling data samples. Sample lengths 
and frequency ranges can be expanded or compressed 
by factors as high as 240 to 1 simply by changing the 
tape speed. Data samples from 1 sec. to several 
minutes in duration and containing frequencies from 
d.c. to 6,000 cycles per sec. or 7,000 cycles per sec. can 
be recorded and reproduced by the FM system. If 
necessary, higher frequencies can be handled by elim- 
inating the frequency modulated carrier and recording 
directly. 

The analog analysis methods require that data sam- 
ples be scanned a large number of times by the analyz- 
ing equipment. Consequently each sample on the tape 
is spliced into a continuous loop before being played 
back into the FM demodulators and the analyzers. 

The three types of analyzers through which data re- 
corded on tape may be processed are a probability dis- 
tribution analyzer, a power spectral density analyzer, 
and a cross spectral density analyzer. These three 
analyzers and the type of statistical information pro- 
duced by each will be discussed in the following sec- 
tions of this paper. 


(III) PROBABILITY DISTRIBUTION 


The time function shown at the top of Fig. 2 illus- 
trates a randomly varying quantity of the type to be 
considered throughout this paper. One way to ana- 
lyze such a function is to determine its probability dis- 
tribution. This is a measure of the proportion of total 
time during which the amplitude of the varying quan- 
tity exceeds given levels. 

For example, suppose the time function shown at the 
top of the figure were a plot of the gust velocities en- 
countered by an airplane flying through rough alr. 
The intensity of the turbulence could be shown by plot- 
ting the probability that the gusts would exceed specific 


velocities against gust velocity. The gusts in the at- 


mosphere represented by the distribution shown would 
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a ca ized harmonic analysis is applicable to stationary ran- | 
= dom time functions, (2) as illustrated in Fig. 5, the spec- 
TER ost trum is represented as a continuous curve rather than | 
SUIT as discrete harmonically-related frequencies, and (3) | 
0.6 the spectrum is plotted in terms of mean-squared am- | 
PROBABILITY plitude per unit bandwidth (equivalent to average | 
oar “ee power per unit bandwidth in the electrical system) in- | 
stead of simple sine-wave amplitudes. 

a The power spectrum then represents the distribution 

of energy over the frequency spectrum. For example, 

— -800 -400 0 400 800 the portion of the total energy included in the frequency 

band f; to fe in the figure is represented by the area 

Fic. 4. Distribution of wing shear loads. under the curve between f, and fo. 
= be expected to exceed 3 or 4 ft. per sec. about 95 per One extremely useful feature of the power species 
and cent of the time and to exceed 20 ft. per sec. only about concept is the simple input-output spectra relationship 


illustrated in Fig. 6. For linear systems, the power 
spectral density of the system’s output G,(f) is equal to 
the power spectral density of the input G,(f) times the 
squared absolute value of the transfer function Y(f). 


| per cent of the time. 
The electronic analyzer used to determine probability 
distributions is illustrated in Fig. 3. The data sample 


recorded on an endless loop of magnetic tape is contin- 


| 1S Te- wor : aa Thus, we have a relationship among the three nariables 
uously played into the analyzer, and its instantaneous . : 
: such that if two of the three are known, the third may 
amplitude is compared to a reference voltage Er. The ; 
it deal be determined. 
level of the reference voltage is determined by the po- vos is : ; 
engths ‘ rhis sort of input-output-transfer function relation- 
sition of the potentiometer slider. If the input voltage : 
ressed ship is one which is familiar to the electrical engineer 
is larger than the reference voltage, the amplifier will : : 
ng the or . who is often fortunate enough to be able to work with 
? be saturated and the output of the limiter will be at : ; ; ‘ 
everal . se ; . strictly sinusoidal signals. It should be noted that the 
ne. level B; if the input is less than the reference voltage, Z : 
> from ; a : power spectra concept now enables the aeronautical 
the amplifier will be cut off and the output of the lim- i : z 
engineer, who often has no choice but to work with ran- 
n yf te circuit will be at level A. The percentage of time 
ie that the level is at B then represents the probability of 
iia the input being above the fixed level Ep. By averaging 


the output of the limiter this probability may be read . 

a directly and recorded. By slowly changing the level rae 
sada of the reference voltage and driving the paper on the re- \ 
: corder in synchronization, a complete plot of the prob- TIME ——> 


fe ability distribution may be obtained. 

ies To illustrate the use of the analyzer, Fig. 4 shows a 

a. distribution of wing buffeting loads obtained during a 

a gradual pull-up at high speeds. The solid line is the MEAN AMPLITUDE 

desc analyzer record and the circled points are values deter- PER UNIT BANDWIOTH | | 
thet mined numerically. Set-up and running time on the t fo 
pel dectronic analyzer was about 20 to 30 min. and about 7 | 
+ aad man-hours were required to read the time-history rec- FREQUENCY 

? ord, calculate the mean, and determine numerically the Fic. 5. Power spectral density. 


circled points. 


(IV) Power SPECTRAL DENSITY RESPONSE 


~ The probability distribution describes the intensity 
aa characteristics of the data but does not describe their 
Byes: irequency or spectral characteristics. Nor does it fur- 
“tated uish information sufficient for calculating system input- 


inl output relationships or transfer functions. If this sort th 
" of information is required, a second type of statistical ona ee 
+i analysis called the power spectral density analysis may 
be used. aul ER 

Power spectral density analysis is sometimes referred (f) Gol") 
its to as “‘generalized harmonic analysis’ and is similar to 

ee the familiar Fourier series harmonic frequency analysis 
ecific G (f) G; (f) x | Y (f) | 
ane. except in the following respects: (1) Fourier series anal- fe) i 


ie ysis is applicable to repetitive functions while general- Fic. 6. Input-output power spectral density relationship. 
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domly fluctuating type of “‘signals,”’ to perform the same 
sort of “‘circuit analysis’ as the electrical engineer. 

For example, again consider the problem of an air- 
plane flying through rough air; the airplane can be con- 
sidered as a mechanism having a transfer function }(f), 
the turbulence can be considered to be the input G;(/), 
and the airplane’s response can be considered as the out- 
put G,(f). 

Thus, by measuring an airplane’s transfer function 
and its response to atmospheric turbulence, it is pos- 
sible to use the plane as an instrument for measuring 
turbulence, as Clementson? and Summers® did. Or, if 
a specific turbulence spectrum is assumed and the air- 
plane’s transfer function is known, it is possible to pre- 

* dict the plane’s response to the turbulence. 

Also, by using the techniques developed by Rice,’ it 
is possible in many instances to use power spectra to 
calculate such things as the number of zero crossings and 
the number of times the amplitude of a randomly vary- 
ing quantity exceeds certain levels. 

Power spectral density may be numerically calculated 
by a procedure outlined by Tukey.” 
marized, this procedure is as follows: First, read the 
time-history record point by point; second, calculate 
the autocorrelation function of the data sample by eval- 
uating the integral 


7 
+ r)dt 
0 


for several discrete values of time lag 7; and third, de- 
termine the power spectral density of the data by taking 
the Fourier cosine transform of the autocorrelation 
function. 


Very briefly sum- 


This process is equivalent to passing a tunable, con- 
stant-bandwidth filter of known characteristics over the 
data and measuring the time average of the square of 
the filter’s output. Except for squaring of the filter's 
output and some difference in the filter’s characteristics, 
the results are almost identical to those obtained from 
the familiar spectrum analyzers that have been used 
for years by communications and sound engineers. 

This suggests then that there are two types of elec- 
tronic analog equipment which might be used to de- 
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termine power spectra: one type parallels the nume 
ical process by first determining the autocorrelatio, 
function and then taking its transform to get powe 
spectral density; the other omits the autocorrelatig 
function entirely and measures the spectrum direct) 
by means of a scanning electrical filter. 

Since scanning filter types of analyzers are compar, 
tively simple electronic devices and are commercial} 
available, the NACA uses the direct spectrum measur. 
ment approach. 

This type of analyzer is illustrated in Fig. 7 and ope 
ates in the following manner. The data sample store 
on a continuous loop of magnetic tape is applied to th 
bandpass filter. Any frequency components in th 
data which fall within the filter’s pass band will } 
passed by the filter, squared, averaged, and then applie 
The filter is initially s¢ 
at the low end of the frequency range and slowly scan 


to a direct-writing recorder. 


upward through the spectrum until the entire frequeng 
range of interest has been covered; at the same time th 
recorder paper is moving under the stylus so that a cop. 
tinuous plot of power spectral density against frequenc 
is obtained. 

The scanning speed of the analyzer is normally con. 
servatively adjusted so that about three passes of th 
data sample on the loop are made during the time re 
quired for the filter to scan one filter bandwidth 
Under these conditions, the time required for complet 
Faster 
scanning speeds may be used, but some ‘“‘smearing” ¢/ 
the spectrum might result. 


analysis of a typical record is 10 to 15 min. 


The bandwidth of the scanning filter in the NACA‘ 
equipment can be adjusted to values ranging from 1/} 
cycles per sec. to 200 cycles per sec. and the true-tim 
range of frequencies which can be analyzed is from: 
cycles per sec. to 15,000 cycles per sec. 

By taking advantage of the possible changes in tape 
speed previously mentioned, it is possible to obtain 
equivalent filter bandwidths of 0.01 cycles per sec. o 
less and to handle frequencies ranging from a few hu- 
dredths of a cycle to 50 or 60 ke. By changing tape 
speeds where necessary, it is also possible to handle 
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record lengths ranging from a few tenths of a second 
to several minutes in duration. 

To illustrate the use of the power spectrum analyzer, 
Fig. 8 shows the spectrum of the shear loads on a fighter- 
type airplane wing under buffeting conditions. The 
continuous curve was obtained from a magnetic tape 
record played through the analyzer and the circled points 
were obtained by reading the time-history record and 
qumerically calculating the spectrum. 

The results from the two methods differ by a maxi- 
mum of about 10 per cent at the low-frequency end of 
the spectrum. This difference is due, in part at least, 
to a large, undesired, very-low-frequency component 
in the original data sample which had to be attenuated 
before the analysis. The electrical high-pass filter 
used to attenuate this component was not identical to 
the equivalent numerical high-pass filter used for the 
same purpose; therefore, some differences in the spec- 
trum at the low-frequency end were to be expected. 

Some difference between the analyzer and the nu- 
merical values also result from the fact that the shape 
and bandwidth of the analyzer’s scanning filter were 
not identical to the equivalent filter resulting from the 
numerical process. 

Actually, differences of 10 per cent are not partic- 
warly alarming. We are dealing with statistical proc- 
esses such that, even with errorless data processing 
schemes, the results obtained from repeating the same 
test might easily vary as much as plus or minus 25 to 
30 per cent. More will be said about this subject later. 

Here, to read the record and determine the spectrum 
wing an automatic digital computer required about 10 
man-hours; the time required for setting up and run- 
ning the electronic analyzer was less than 30 min. 


(V) Cross SPECTRAL DENSITY 


It has been shown that the power spectral density 
lurnishes information regarding the frequency content 
of fluctuating quantities which is not provided by the 
probability distribution. However, where the phe- 
nomenon being investigated involves study of two or 
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more related fluctuating quantities, which is usually the 
case, some knowledge of the time or phase correlation 
between the two quantities might also be required. 
This information is not provided by the power spectra 
of the individual functions but may be obtained from 
another statistical process called cross spectra analysis. 

The cross spectrum between two time functions is 
a vector quantity and two spectra are required to fur- 
nish the complete cross spectral density. These are 
illustrated in Fig. 9. The real part is called the “‘co- 
power spectrum” and indicates the product of the in- 
phase frequency components in the two functions. The 
imaginary part is called the “‘quadrature spectrum’”’ and 
indicates the product of the 90° out-of-phase frequency 
components in the two functions. The absolute value 
and phase angle of the cross spectrum are determined 
by vectorially combining the in-phase and quadrature 
spectra. 

To gain an understanding of the physical significance 
of cross spectra, consider two fluctuating time functions 
whose power spectra are represented on Fig. 9 as PSD, 
and PSD:. The cross spectrum between the two func- 
tions will indicate only those frequencies in PSD, which 
are also contained in PSD», and which bear a specific, 
nonrandom phase relationship to the frequencies in 
PSD,;. For example, PSD; and PSD» may include 
power in the same frequency band, but, if the corre- 
sponding frequency components are entirely independ- 
ent of one another, the phase between them would be 
random and the cross spectral density would be zero 
throughout the band. However, if some of the fre- 
quency components in PSD, bear a definite phase or 
time relationship to the corresponding components in 
PSD2, this relationship will be indicated in the cross 
spectrum. 

One useful application of the cross spectrum is in the 
determination of the phase response of a linear system 
subjected to a random-type input. Recall that the 
power spectra of the input and output made possible 
calculation of the absolute amplitude of a system’s 
transfer function but did not furnish any knowledge of 
the phase response. By using cross spectra, both the 
amplitude and the phase response may be calculated. 
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As shown by Lee,’ the transfer function Y(f) equals the 
input-output cross spectrum G,,(f) divided by the power 
spectrum of the input G;,(f). 

An interesting feature of this relationship is the fact 
that the equation holds true even though other inde- 
pendent random noises are present in the output. This 
is true since the input-output cross spectrum will ignore 
the presence of uncorrelated random fluctuations in 
the output. 

The cross spectra has other useful, practical applica- 
tions to systems with multiple inputs and outputs, but 
these are too involved to discuss here. A good illus- 
tration of this usage, however, is included in Summers’ 
paper on atmospheric turbulence measurements.° 

The numerical process for determining cross spectra is 
even more lengthy and expensive than that required 
for determining power spectra. However, the numer- 
ical results can be duplicated by the analog process 
illustrated in Fig. 10. The two fluctuating data sam- 
ples recorded on a continuous loop of dual-channel tape 
are simultaneously applied to two synchronized filters 
of the same type used with the power spectral density 
analyzer. However, instead of squaring and averaging 
the outputs of the filters as would be done to determine 
power spectra, the two outputs are fed into a multi- 
plier whose output is averaged and automatically plot- 
ted against frequency to furnish the co-power spectral 
density. At the same time, one of the filter outputs is 
run through a 90° phase shifter and again multiplied 
by the output of the other filter. The product is then 
averaged and plotted to give the quadrature power 
spectral density. 

To illustrate the use of the cross spectrum analyzer, 
Fig. 11 shows some data secured from a buffeting air- 
foil in a supersonic wind tunnel. The double-peaked 
spectrum is the power spectral density of the fluctuat- 
ing aerodynamic forces existing at a particular span- 
wise station and the single-peaked spectrum is the power 
spectral density of the fluctuating bending moment 
existing at the root of the wing. The cross spectral 
densities between these two quantities as determined 
by the analyzer are shown in the center of the figure. 
The calculated amplitude and phase response shown at 
the bottom of the figure indicate that the wing is sim- 
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ilar to a spring-mass system with low damping. (Thi 
simple example does not provide aerodynamic data of 
any particular value but was chosen to demonstrate 
the use of the analyzer and the type of problem to whic 
it is applicable.) 

To set up and run these four spectra on the electron 
analyzers required about 1!/; hours. To read the time 
history records and run the same four analyses digitally 
would require an estimated 40 to 50 man-hours— which 
explains why no numerically calculated check points 
are shown in the figure. 


(VI) AccURACY AND RELIABILITY CONSIDERATIONS 


Electronic analog analyzers might introduce error 
in the order of plus or minus 10 per cent where a digital 
computer can process data to almost any degree of pre. 
cision that might practically be desired. Consequently, 
a given data sample can be statistically analyzed bya 
digital computer more precisely than by an analog 
machine. 

However, it must be remembered that we are dealing 
with statistical quantities. Consequently, if an exper- 
iment or test is repeated several times, sizeable varia- 
tions in experimental results occur even if the instru. 
ments and analyzing processes introduce no error at 
all. For example, consider again the wing loads power 
spectrum, previously shown in Fig. 8, which is fairly 
typical of the type of problems encountered. The sta- 
tistical reliability in this case was such that only one 
out of three tests would be expected to yield power es- 
timates within plus or minus 10 per cent of the true 
value.- If the length of the data sample could be in- 
creased by a factor of 20, however, 19 out of 20, instead 
of 1 out of 3, of the tests would be expected to yield re- 
sults within plus or minus 10 per cent of the true value. 

In analysis of actual data samples, then, considera 
tion of the statistical aspects of the problem usually 
shows that improved reliability might be obtained, not 
by improving computational accuracy, but by analyz- 
ing longer data samples. 

Longer samples are not always possible, especially 
in airplane or missile flights, where steady flight con- 
ditions often cannot be maintained for longer than a 
few seconds. Where longer samples can be secured, 
however, the electronic analyzers can economically 
handle samples of such length that analysis by any 
other process would be quite impractical. 


(VII) CoNcLUDING REMARKS 


In conclusion, the various statistical analyses re 
quired in aeronautical research and development ca 
be secured rapidly and economically by the use of elec- 
tronic analog analyzers. The accuracy of the analog 
analyzers in processing a specific data sample is some- 
what inferior to that available from digital computers. 
This factor is normally outweighed, however, by the 
analog equipment’s capability for economically hat- 
dling longer data samples and providing improved sts 
tistical reliability. 


It appe 
sis techn: 


the appli 
problems 


1 Wiene! 
of Stationc 
Technolog 
Cambridg: 
1949. 

Tukey 
Estimates, 
Analysis t 
ment of tl 
1949. 

Rice, | 
and II, Be 
July, 194: 
January, 


tem. T 
of flight 
of the 
center k 
pass-sla 
norther1 
tion in t 
signed 
MIL-C- 
MIL-P- 
The 
functior 
amplifie 
and is 
feature | 
A trim 


the gyre 
trimmir 


In 
(1) T 
smulat 
mance, 
accomr 


118 
\ 
\ 
/ \ 


(This 
lata al 
Strate 
which 


Ctronic 
e time. 
igitally 

which 


points 


‘IONS 


errors 
digital 
( yf pre- 
uently, 
d bya 


analog 


dealing 
exper- 

Varia- 
instru- 
rror at 
power 
fairly 
‘he sta- 
ily one 
wer €s- 
he true 
be in- 
instead 
ield re- 
value. 
sidera- 
usually 
ed, not 
analyz- 


recially 
ht con- 
than a 
ecured, 
mically 
by any 


ant cai 
of elec- 
analog 
5 some- 
:puters. 
by the 
ly han- 
ved sta- 


ANALOG EQUIPMENT FOR RANDOMLY FLUCTUATING DATA Lily 


It appears that more extensive use of the analog analy- 4 Clementson, Gerhardt C., An Investigation of the Power Spec- 
js techniques might facilitate further advancement in tral Density of Atmospheric Turbulence, Rep. No. 6445-T-31 


enplication of statistical methods to aerodynamic (Sc.D. Thesis), Instrumentation Laboratory, Massachusetts 
the ap} < Institute of Technology, Cambridge, Mass., May, 1950. 


problems. 5 Liepmann, H. W., On the Application of Statistical Concepts 
to the Buffeting Problem, Journal of the Aeronautical Sciences, 
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A Compass-Controlled Directional Gyro System for Today's Fighter Aircraft 
(Continued from page 79) 

ten. The right-hand knob is used to set in the latitude imum accuracy of the gyro if desired. By the use of 
of flight to provide latitude correction of the drift effect plug connectors on the servo unit (Fig. 8) and the com- 
of the earth’s rotation during free-gyro operation. The pass-slaving amplifier, all components are easily acces- 
center knob selects the mode of operation—i.e., com- sible for servicing. The weight of the amplifier with 
pass-Slaved, free-gyro with latitude correction in the its mounting rack is 8.7 Ibs. 

northern hemisphere or free-gyro with latitude correc- The MA-1 Compass System employs an improved 
tion in the southern hemisphere. The controller is de- directional gyro permitting a free-gyro drift rate of less 
signed for standard console mounting (Specification than 4° per hour. This is possible because no load is 

MIL-C-6781) and indirect illumination (Specification reflected back to the gyro from the repeaters or naviga- 
MIL-P-7788). The weight of the controller is 1.5 lbs. tional equipment. When slaved to the earth’s mag- 

The amplifier servo unit (see Fig. 7) serves several netic field through a modern remotely mounted com- 
functions. It contains the leveling, slaving and servo pass, accurate, stabilized heading information is con- 
amplifiers, system power supply, and servoed output, stantly available through 360° in azimuth. 
and is the junction box of the system. This latter 
feature eliminates the need of additional junction boxes. REFERENCE 


Atrim control is available which electrically balances 1 Lynch, E. E., and Pfuntner, R. A., An Improved Azimuth 


the gyro over a range of + 2° per hour. This permits Indicating System for Aircraft, Electrical Engineering, Vol. 65, 
timming the system on installation to obtain the max- No. 12, pp. 806-812, December, 1946. 


The Flight Simulator Modification Problem 


(Continued from page 108) 


In Conclusion: (2) Simulators can be kept current with aircraft 
(1) The present state of the art provides standardized changes if the simulator manufacturer is delegated 
‘imulator components having a high level of perfor- authority to initiate changes and has the cooperation 
mance, reliability, and the necessary universality to of the aircraft manufacturer in furnishing change 


accommodate changes in aircraft characteristics. notices, data, and parts. 


AVIATION.» 


R. P. SNODGRASS* 


Sperry Gyroscope Company 


THE HIstory 


1 jen FLIGHT PROGRAM that is the subject of this 
paper had its beginnings in an Actual Weather Low 
Ceiling flight-test program conducted by the Flight Re- 
search Department of the Sperry Gyroscope Company 
in 1950 through 1952. In this program a DC-3 was op- 
erated into airports in the New York terminal area under 
weather conditions that were, in general, below air-line 
minimums. The primary purpose of this program was 
to evaluate flight instruments and automatic flight con- 
trol equipment, products of the Sperry Gyroscope Com- 
pany, and to study the operational problems associated 
with low weather flying. One of the results of the op- 
erational study phase of this program was an analysis of 
weather observed from the cockpit as compared to the 
reported weather existing at the airports. This analy- 
sis showed considerable discrepancy between the cock- 
pit weather and the reported weather. This was some 
of the first documented evidence on a problem that had 
been the subject of a great deal of discussion in past 
years. As a result of work on this program, the Air 
Navigational Development Board approached the 
Sperry Company in 1952 with respect to conducting a 
flight investigation of the performance of new types of 
weather measuring instrumentation developed by the 
Weather Bureau and the Bureau of Standards. This 
instrumentation consisted of the 5-r.p.m. rotating beam 
ceilometer and the transmissometer. A contract was 
awarded the company for an operational evaluation of 
this equipment and a study of the problem of weather 
as seen from the cockpit. 
cluded in 1954. 


This investigation was con- 


THE PROBLEM 


On an instrument approach, what the pilot really 
wants to know is not the value of the ceiling and visi- 
bility but rather at what points on the approach he 
will be able to see those things that he needs to see in 


Presented at the Air Transport Session, Twenty-Third Annual 
Meeting, IAS, New York, January 24—27, 1955. 
* Chief Engineering Test Pilot. 


A Flight Investigation of the Performance of 
Low-Ceiling Visibility Measuring Equipment 
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order to complete the approach to a visual landing. To 
accomplish this, a number of factors must be defined, 
First of these is, of course, the weather—that is, the 
state of the atmosphere from the standpoint of trans. 
mission of light. Second, what are the configuration, 
the beaming characteristics, and the intensity of the 
lights which bound the runway, define the threshold, 
and make up the approach light system? Third, what 
is the state of ambient light—namely, is it day, twilight, 
or night? Fourth, what are the conditions of light re- 
flectance of terrain surrounding the runway and in the 
approach zone? Is the approach terrain made up of 
trees, farms, roads, or houses, or is it an industrial area? 
Is it an open sea? Does the runway have painted 
markings? Is the sun ahead of or behind the aircraft? 
These factors and others affect what is called the “‘tran- 
sition’’—that is, the change that occurs in the method of 
control of the aircraft from flight by instruments to 
visual flight following the breakout. 

Fig. | illustrates three successive and significant steps 
as they occur on a given approach. The first significant 
event that occurs is ‘‘vertical contact."’ This is the 
point on the approach where the pilot’s initial visual 
reference with the ground is obtained. Usually the 
earliest visual reference is obtained through the side 
windows of the cockpit and is in a near-vertical direction. 
This point is significant in that it marks the beginning of 
the transition to visual flight. The second point is 
“approach light contact.’’ This particular point on 
the approach could, of course, be the same as the ‘“‘ver- 
tical contact.’”’ Approach light contact is important 
because it defines the beginning of visual reference to 
lights that may be necessary to complete a visual ap- 
proach to the runway. The third event is ‘threshold 
contact.” This marks the point at which the pilot 
first sights the end of the runway, and where judgments 
relative to the landing can first be made. One com- 
mon element of these three points on the approach 1s 
significant—namely, each is a distinct and definable 
event as far as the cockpit is concerned. The final 
item of importance to the pilot is, of course, runway 
visual range. This factor affects the landing and the 
roll-out. 
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The problem, then, was to determine if the new 
weather measuring system could be used to predict the 
three points on the approach of vertical, approach light, 
and threshold contact and the runway visual range. 


THE PROGRAM 


The flight-test program that was conducted in coop- 
eration with the Weather Bureau and under contract 
to the ANDB involved the correlation of the three 
points—vertical, approach light, and threshold con- 
tact—as seen from the cockpit with the weather obser- 
vations made on the airport and in the approach zone. 
The purpose of this correlation was to determine the 
accuracy with which these given points could be pre- 
dicted when based upon surface observations. 

The surface equipment used in this program was in- 
stalled at MacArthur Airport, Long Island, and may be 
seen in Fig. 2. The two items of new weather meas- 
uring test equipment are, of course, the 5-r.p.m. rotat- 
ing beam ceilometer and the transmissometer. Sup- 
porting photometric instrumentation was a terrain 
illuminometer and a manually operated photometer for 
obtaining background luminance and reflectances of run- 
way, runway markings, and terrain. Supporting obser- 
vations of meteorological visibility were made, as were 
the usual Weather Bureau Circular N-type observations. 
The runway itself was marked with a modified Calvert- 
type runway marking system. The runway lights were 
of high-intensity HRL type with the Air Line Pilots 
Association threshold lighting configuration. British- 
type “‘pup-tent’’ markers were installed on each side of 
therunway. Approach lights were of the neon bar type. 

Aircraft instrumentation may be seen in Fig. 3. A 
movie camera was used to photograph through the wind- 
shield. A ‘‘visible terrain’’ camera was used to photo- 
graph a solid angle of approximately 80° in azimuth 
and 80° in elevation. Photo-recorders registered vari- 
ous instrument readings on the instrument approach. 
A continuous radio link permitted comments and ob- 
servations made by the copilot and pilot to be trans- 
mitted to the ground test station for recording. In the 
ground test station all of the surface observations were 
documented, and these were synchronized in time with 
the air-borne data and the pilot’s comments. 

The flight-test program utilized a DC-3, and all ap- 
proaches were made using the A-12 gyropilot and auto- 
matic approach on the MacArthur Instrument Landing 
System. Actual weather test approaches were made 
both day and night, with the maximum emphasis on 
weather below 500 ft. ceiling and 1-mile visibility. 
Tests flights began in January, 1953, and were concluded 
at Idlewild in February, 1954. A total of 468 actual 
weather instrument approaches was accomplished in 
this program. 


THE RESULTS 


The test data obtained during the program were 
analyzed on a general basis. Pertinent photometric 
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factors involved in the determination of visual ranges 
from the aircraft to the ground were considered. The 
results of the analysis may be applied to the determina- 
tion of corresponding visual ranges at other airports. 

The visual detection and/or recognition of objects, 
patterns, or lights from the cockpit during an approach 
are dependent upon the following conditions: 

(1) The meteorological constitution of the atmos- 
phere along possible lines of sight between the aircraft 
and the ground. 

(2) The photometric distribution of ambient sky and 
ground luminances as well as the candle-power distribu- 
tion of self-luminous ground sources, such as lights. 

(3) The psychophysical factors involving the pilot, 
such as his brightness-contrast threshold and his illu- 
minance threshold. 

The exact solution to the problem of determining the 
visual range from the cockpit depends upon complete 
information relative to the heterogeneous distribution of 
the atmosphere, the ambient photometric quantities, 
and the precise visual threshold applicable to the pilot. 
It is evident that a few sample meteorological and 
photometric observations taken at an airport are in- 
sufficient to supply all of the foregoing information. 
The indeterminate character of the problem thus pre- 
sented makes the solution in terms of the concept of 
probability an appropriate one. The results obtained 
in this program have, therefore, been expressed in terms 
of the probability of realizing visual reference at or be- 
fore reaching a given height on the glide slope. This 
height can, of course, be converted to a range from the 
runway threshold. Meteorological and photometric 
observations are used as parameters. This probability 
will vary between some value near zero as a lower limit 
and nearly unity as an upper limit over an interval of 
heights. Upon the assignment of practical lower and 
upper limits of probability, say 0.05 and 0.95, the cor- 
responding difference in associated heights will be a 
measure of the accuracy of the determination of visual 
range. Small height difference will correspond to ac- 
curate determinations. 

All data were classified into three meteorological 
categories. These were (1) ceiling condition, (2) 
radiation fog, and (3) snow. The radiation fog and 
snow classifications cover special conditions of restricted 
visibility with meteorological characteristics readily 
recognized by a weather observer. All other conditions 
involving obscuration to vision by clouds and fog were 
grouped under the general “‘‘ceiling’’ caption. Data 
pertaining to atmosphere pollution, such as smog, smoke, 
and haze, were not obtained in any significant quantity 
in this program. 

The results of the analysis are based on ceilometer and 
transmissometer observations that were made concur- 
rently with the aircraft approach—i.e., there was no 
significant time delay between the surface observations 
and the visual cues received by the pilot. The prob- 
lem of forecasting on even a short-term basis, as will be 
required in practice in an actual airport operation, was 
not within the scope of the program. 
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Two factors—aircraft type and the means used to 
couple the aircraft to the ILS—have influenced the 
results obtained in this program. With regard to the 
aircraft type, the cockpit and windshield configuration 
affects particularly the vertical contact height and, 
under low-visibility conditions, the approach light con- 
tact. Vertical visual reference, generally obtained 
through the side windshield, is dependent upon the air- 
craft lateral cockpit cutoff angle. Approach light con- 
tact, under low-visibility conditions, is usually obtained 
at large angles below the horizon and is therefore con- 
tingent on the forward cutoff angle. 

The coupling to the ILS provided by the A-12 
gyropilot-automatic approach produced optimum con- 
ditions for the pilots to make visual observations during 
the approaches. Furthermore, since repeated ap- 
proaches were accomplished during the test program, 
maximum familiarity with the weather conditions was 
afforded the pilots. Consequently, it is felt that the 
results obtained indicate the earliest visual recognition 
that could be achieved. 

The results of the Idlewild flight tests covering a very 
limited weather spectrum were consistent with the 
general results based on the MacArthur Field data. 

To illustrate the results of the program, probabilities 
for obtaining specific visual reference cues will be indi- 
cated for a given sample condition. The selected con- 
ditions are as follows: 


Weather Parameters 


Classification—ceiling type 

Average ceilometer indication = 400 ft. 

Standard deviation of ceilometer indication = 30 ft. 
Transmissometer indication = 0.50 


Photometric Parameters 


Daytime—terrain illuminance = 300 foot-candles 
Horizon luminance = 200 foot-lamberts 
Reflectance difference between runway and con- 

trasting background of runway markings = 0.2 
Reflectance of brighter or contrasting areas = 0.6 
Reflectance difference between two contrasting 

portions of runway marker (pup-tent) = 0.6 
Reflectance of lighter half of pup-tent = 0.8 

High-intensity threshold lights—ALPA  configu- 

ration, type HRL fixtures with green filter (8,710 

¢.p. maximum) 

Setting—-No. 5, 100 per cent intensity 

High-intensity runway lights—CAA Spec. L-819, 

HRL fixtures (33,500 c.p. maximum) 

Setting—No. 5, 100 per cent intensity 

Approach lights—neon bar, CAA Spec. 227 (900 c.p. 

maximum) at full intensity 


Vertical Contact 


Fig. 4 illustrates the cumulative probability curve for 
obtaining vertical contact based upon the conditions 
previously described. In inspecting this figure, it may 
be seen that the probability is approximately 0.90 that 
the pilot will have obtained visual reference with the 
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ground in a vertical direction at or before he reaches 4 
height of 390 ft. above the runway. He has a prob, 
bility of 0.50 of obtaining vertical contact before } 
reaches a height of 470 ft. above the runway. Th 
probability is 0.90 that the pilot will obtain verticy 
contact between the limits of 610 and 380 ft. 


Approach Light Contact 


Fig. 5 illustrates the cumulative probability of th 
pilot’s obtaining visual reference with the outermog 
light of the neon bar approach light system. In thi 
case at MacArthur Field, this light was located 1,35 
ft. from the runway threshold. It may be seen that 
more narrow limits exist for this case than existed fo 
vertical contact. A 0.90 probability exists that the 
pilot will obtain visual reference with the neon bar 
approach light between a height of 300 and 213 ft. 
The most likely height for contact will be 250 ft. 


Runway Threshold Contact 


The case of the runway threshold contact is more 
complicated than the prior two cases, since several 
means of visual recognition are possible in this case. 
The pilot may first see the threshold lights, he may see 
runway markings against the runway itself, or he may 
see the runway against its surrounding terrain. Fig. 6 
illustrates the probability curves for obtaining runway 
threshold contact either on runway threshold lights 
that are at maximum intensity or on modified Calvert 
markings as existed at MacArthur Field. It is to be 
noted that for a probability of 0.90 the range of varia- 
tion in threshold contact heights is approximately the 
same for both cases—namely, 75 ft. However, the 
probability of 0.95 exists that the pilot will see the run- 
way threshold lights at or before a height of 226 ft, 
whereas in the case of the runway markings the same 
probability exists for a height of 96 ft. This is, of 
course, a striking example of the effectiveness of lights 
under this particular type of weather condition. A 
word of caution is warranted at this point in that this 
figure should not be used to draw general conclusions as 
to the effectiveness of lights since, under some condi- 
tions of low visibility and high ambient light, exactly 
the reverse situation may occur. 


Runway Visual Range 


Fig. 7 illustrates the variation in runway visual range 
for high-intensity runway lights of 33,500 c.p. as op- 
posed to runway visual markers of the British pup-tent 
type. An even more striking variation in visual range 
is apparent in this case than in the threshold contact 
situation. However, here again under conditions of 
extremely low visibility, the position of the two curves 
may be transposed, and visual range on markers of 
markings on the runway surface could be greater than 
that possible with high-intensity runway lights. 

The preceding figures illustrate the results of the 
flight-test program with respect to one specific set of 
meteorological and photometric conditions. As a part 
of the analysis of the results, generalized charts were 
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constructed which covered ranges of ceilometer and 
transmissometer indications and photometric values. 
Series of charts were constructed for each of the three 
weather classifications of ceiling, radiation fog, and snow. 

The application of this more general form of weather 
measuring shows great promise in eliminating the past 
objections to weather reporting. This is true because 
the system takes into account parameters, not formerly 
considered, which greatly affect what the pilot can see 
from the cockpit. With this system, an approach 
weather report can describe the weather in more real- 
istic terms to the pilot. For example, a predicted 
vertical contact, approach light contact, runway 
threshold contact, and runway visual range could be 
supplied to the approaching aircraft. 


THE CONCLUSIONS 


(1) As a result of this evaluation program it is con- 
cluded that the transmissometer and rotating beam 
ceilometer combination provide a sound method for 
remotely measuring weather in the runway approach 
zone. 

(2) Supplementary photometric data are required for 
the optimum interpretation of these weather observa- 
tions in terms of what the pilot will see from the cockpit. 
These supplementary photometric data consist of the 
following: 

(a) Terrain illuminance measured with a foot-candle 
meter. 


ENGINEERING REVIEW—MAY, 


(b) Horizon luminance in the landing direction meas 
ured with a photometer. 

(c) Airport approach, threshold, and runway lighting 
configuration. 

(d) Airport terrain reflectance factors. 

(3) Determination of what the pilot will see fron 
the cockpit under the weather and photometric cond}. 
tions measured with the ceilometer-transmissomete 
system can only be expressed as a function of prob. 
ability. 

(4) To receive the full benefit of this weather meas 
uring system the mannet in which weather is reported t 
the pilot should be modified. An expanded approach 
weather report could include the following items 
vertical contact height, approach light contact height, 
threshold contact height, and runway visual range. 


THE FUTURE 


The 1953-1954 AN DB program has led to conclusions 
concerning the manner in which the ceilometer-transmis. 
someter system can be used for improving approach 
zone weather reporting. It is anticipated that the re 
sults of this work can be applied operationally at thos 
airports where the Weather Bureau is making field in- 
stallations of the equipment. It appears likely that in 
the near future an extended field program to evaluate 
the ceilometer-transmissometer weather measuring 
system will be instituted at Newark Airport under the 
sponsorship of the ANDB. Funds for the project wil 
be supplied by the U.S. Air Force. 

In this program the generalized results of the Mac. 
Arthur Field tests will be used in conjunction with the 
Newark approach and runway lighting system. An 
approach weather report based upon the expanded 
weather data will be given to the air-line pilot making 
his instrument approach. Observations of the air-line 
pilot himself, while on the approach, will be used to 
document the accuracy of the system. When imple 
mented, the program will include as operating test per- 
sonnel the air-line pilot himself, the Weather Bureau, 
the CAA, and the Sperry Gyroscope Company. The 
proposed Newark program has been designed to record 
in a systematic manner the air-line pilot’s utilization of 
the proposed approach zone weather reports and to 
determine if the results anticipated by the 1953-1954 
ANDB program are substantiated under actual air-line 
operation conditions. 
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Northeastern Student Conference 


(Continued from page 52) 


ceeded to define “‘cruise control” as the 
technique of flying to obtain fuel effi- 
ciency for a type of mission specified. 
He also said that an invariant param- 
eter is one that remains approximately 
constant during maximum-range cruise. 
For example, Mach Number remains ap- 
proximately constant during optimum 
cruise. In the remainder of his talk, he 
explained that in actual application the 
instrumentation of these parameters 
would automatically pilot the plane 
during the maximum-range cruise. 

The next graduate speaker was John 
zZvara of M.I.T.. whose paper was en- 
titled ‘‘Matrix Method for Determining 
the Aileron Effectiveness of an Elastic 
Swept Wing of Arbitrary Plan Form 
and Stiffness.’’ In his talk, he set up 
the integral equation for torsional static 
equilibrium for a swept wing and indi- 
cated a numerical solution of matrix 
form. He also brought out how poor a 
swept wing is from the standpoint of 
aileron effectiveness. 

The last paper, by Eugene Mark Ro- 
mer and Luciano L. Mazzola, both grad- 
uates of M.I.T., was presented by 
Romer. The title was ‘“‘An Investiga- 
tion of the Aerodynamic Characteris- 
tics of a Combined Swept-Back-Swept- 
Forward Wing Configuration.” 

At the completion of the presentation 
of the student papers, the visitors were 
given a description of the course of 
study for bachelors’, masters’, and doc- 
torate degrees at Brooklyn Poly by Prof. 
Martin Bloom. Professor Bloom men- 
tioned that there has just been an ex- 
tensive change in the undergraduate cur- 
riculum to include, among other things, 
an early introductory course in aero- 
dynamics for sophomores, more credits 
of theoretical aerodynamics and a more 
complete study of compressible flow 
with heat addition in connection with 
power plants. 

After this, Paul A. Libby gave a talk 
on the Brooklyn Poly research facilities 
for high-speed aerodynamics at Free- 
port, L.I. The idea of the talk was to 
give the visitors some background in- 
formation for their tour of the labora- 
tory the following day. 

After Libby’s speech, the whole group 
went to a smoker where refreshments 
were served and a film on the Flying 
Display and Exhibition at Farnborough, 
England, was shown. 

On Saturday morning, the group vis- 
ited the Supersonic Aerodynamics Lab- 
oratory in Freeport. The facility 
boasts of three supersonic blowdown 
wind tunnels. Paul A. Libby and Mike 
Visich of the Freeport staff explained 
the operation of the equipment to the 
students. Most impressive of the equip- 
ment was the preheated hypersonic 
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tunnel capable of Mach 10 with full- 
scale conditions. 

Saturday evening, an awards banquet 
was held at Henri Ferrar’s in Brooklyn. 
Present at the dinner were the visiting 
students; Professors Hoff, Kempner, 
Libby and Bloom; Thomas Meskel, 
IAS Assistant Secretary; and guest 
speaker Richard W. Porter. Porter, 
President of the American Rocket So- 
ciety, is presently a Consultant—Com- 
munication and Control, Engineering 
Services Division, General Electric 
Company. Until recently, he was Gen- 
eral Manager of G-E’s Guided Missile 
Department. His talk was mainly con- 
cerned with the use of guided mis- 
siles in warfare, but he also spoke about 
some applications of the rocket engine 
for peacetime use. 

After Porter’s speech, Nicholas J. 
Hoff awarded the prizes for the winning 
papers. The money for these awards is 
part of the Minta Martin Aeronauti- 
cal Student Fund. For undergraduates, 
the first award of $100 was won by 
Roger Barron and Huston Landis for 
their joint paper on the canard. The 
second award of $75 was won by Frank 
Schlee for his paper on strain gages, and 
the third award of $50 was given to 
Forman Williams for his paper on wind- 
tunnel calibrations. 

The $100 first award in graduate 
papers went to John Zvara for his paper 
on aileron effectiveness of swept wings. 
The second prize of $75 went to Eugene 
Romer and Luciano L. Mazzola for 
their study of the combined swept- 
back-swept-forward wing. Third award 
of $50 went to Earl W. Erickson for his 
paper on cruise control. Each winner 
also received an engraved merit cer- 
tificate. 

The awards presentation brought the 
conference to a close. As a parting 
note, Brooklyn Poly’s IAS Branch offi- 
cers—Louis Divone, Chairman; An- 
thony Martellucci, Vice-Chairman; 
Ernest Riesenfeld, Treasurer; J. Richard 
Nelson, Corresponding Secretary; and 
Murray Rosenberg, Recording Secre- 
tary—extended congratulations to the 
winners and expressed the hope that all 
would be present at next year’s con- 
ference. 


MuRRAY ROSENBERG 
Recording Secretary 
IAS Student Branch 
Polytechnic Institute of Brooklyn 


Attention Members! 


All members of the Institute are 
invited to submit material concerning 
their activities for publication in the 
“News of Members” columns of the 

| Aeronautical Engineering Review. 
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IAS News 
(Continued from page 53) 


American Wheelabrator & Equipment 
Corporation. 

> Austin Wickwire (M), Engineering 
Representative—San Diego, Lock- 
heed Aircraft Corporation, is now 
responsible for the engineering activi- 
ties on all Lockheed models in the 
San Diego area. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affilia- 
tions of IAS members. All members are 
therefore urged to notify the News Editor 
of changes as soon as they occur. 


Warren V. Boughton (AF), Chief Elec- 
trical Engineer, Republic Aviation Cor- 
poration. Formerly, Vice-President and 
General Manager, Phaostron Company. 

Raymond F. Crisp (M), President and 
General Manager, Associated Missile 
Products Corporation, Pomona, Calif. 
Formerly, Manager, Technical Services, 
Hycon Manufacturing Company. 

Anthony F. Dernbach (TM), Develop- 
ment Engineer in charge of a special pro- 
peller program, Hamilton Standard Di- 
vision, United Aircraft Corporation. For- 
merly, Senior Project Engineer, Hamilton 
Standard. 

Walter H. Dickman (AM), now Vice- 
President—Sales and Engineering, Harley 
Patents, Inc. 

Victor Di Cristina (TM), Technical En- 
gineer, Small Aircraft Engine Division, 
General Electric Company. Formerly, 
Research Engineer, North American Avia- 
tion, Inc. 

Samuel E. Eastman (AM), with Logis- 
tics Section, The RAND Corporation. 
Formerly, Assistant Professor of Business 
Administration, Graduate School of Busi- 
ness Administration, Harvard University. 

Laurence E. Fogarty (AF), Chief Engi- 
neer, Link Aviation, Inc. Formerly, 
Project Engineer, T-37A and E-600 
Projects, Link. 

Isaac Greber (TM), with Department 
of Aeronautical Engineering, Massachu- 
setts Institute of Technology. Formerly, 
Senior Aerodynamics Design Engineer, 
Chance Vought Aircraft, Incorporated. 

Marion S. Israel (M), Field Consult- 
ant, D. D. Pettit Company, Consultants. 
Formerly, Senior Engineer, Preliminary 
Design, North American Aviation, Inc. 

William E. Laundry (TM), with Engi- 
neering Division, The de Havilland Air- 
craft of Canada, Ltd. Formerly, with 
Division of Mechanical Engineering, Na- 
tional Research Council, Canada. 

John C. McGinnis (TM), Associate En- 
gineer, P.D. Stress Unit, Boeing Airplane 
Company, Seattle. Formerly, Junior En- 
gineer ‘‘A’’—Stress Analyst, Boeing, Wich- 
ita. 

Carl S. Newman (M), Owner, Special 
Machinery, 132 Nassau St., New York 38, 
N.Y. Formerly, Project Engineer, Con- 
trol Electronics Company, Inc. 


ili 
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Dunstan Graham, MIAS, has been ap- 
pointed Department Head of Flight Control 
Systems of the Grand Rapids Division of 
Lear, Incorporated. He was formerly Chief 
of the All-Weather Section, Directorate of 
Flight and All-Weather Testing, WADC. 


Charles J. Newman (TM), Junior Engi- 
neer, Structures Section, Convair, Fort 
Worth, a Division of General Dynamics 
Corporation. Formerly, Airborne Radio 
Mechanic, USAF. 

H. Erich Nietsch (M), Vice-President, 
Project Development, Robinson Aviation, 
Inc. Formerly, Assistant to the President 
and Manager—TIndustrial Division, Robin- 
son Aviation. 

Robert F. Robinson (M), with Head- 
quarters, Air Research and Development 
Command, USAF. Formerly, Associate 
Professor of Aeronautical Engineering, 
USAF Institute of Technology. 

Albert O. Schmitt (AM), Manager, 
Philadelphia Sales Office, Aero Engineering 
Company, The Garrett Corporation, 76 
Rittenhouse Place, Ardmore, Pa.  For- 
merly, Installation Engineer, Aero Engi- 
neering. 


Martin J. Poggi, MIAS, has been named 
District Manager of Cook Electric Com- 
pany's recently opened Northwest district 
office in Seattle. Prior to this appointment, 
Mr. Poggi was Installation Engineer, Air- 
supply Company, Division of The Garrett 
Corporation. 


Shelden P. Smith (M), Head, Charlotte 
(N.C.) Division, Douglas Aircraft Com- 
pany, Inc Formerly, Assistant Chief 
Missiles Project Engineer, Santa Monica 
Division, Douglas 


Corporate Member News 


e Aluminum Company of America. . .Two 
new aluminum welded tube mills have 
been placed in production at the com- 
pany’s Alcoa, Tenn., works. They are 
capable of producing welded aluminum 
tube and pipe from 1/2 in. to 8 in. in 
diameter 


e Bendix Aviation Corporation. . .The 
Utica Division has opened a new $100,000 
facility for engineering, sales, and servicing 
of its products. It is located in North 
Hollywood, Calif., adjacent to the head- 
quarters of the Bendix Pacific Division at 
11600 Sherman Way, and is under the 
supervision of Edwin O. Cooper, MIAS, 
Manager of West Coast sales and service. 
e Convair, a Division of General Dy- 
namics Corporation. . .A ballistics method 
for studying the destructive effect of rain 
on aircraft and missiles flying at supersonic 
speed has been developed at the Convair, 
San Diego, plant. Test specimens of 
metals, plastics, or ceramics are fired from 
a 20-mm. aircraft cannon at speeds up to 
1,900 m.p.h. (Mach 2.5) through a water 
spray simulating rainfall. The specimens 
are recovered by means of small parachutes 
and examined for rain erosion. Convair is 
conducting the project for the Materials 
Laboratory of the Wright Air Develop 
ment Center 

e@ Curtiss-Wright Corporation. . .A new 
tvpe of turboprop power plant, called by 
Curtiss-Wright the De-Rated Turboprop 
engine, was rece..tly announced. Ac 
cording to company engineers, the weight- 
to-power ratio of the De-Rated Turbo 
prop will be 65 per cent better than any 
engine now in commercial use. Studies 
indicate that this power plant can make it 
possible—both mechanically and economi- 
cally—for the air lines of the world to fly 
across the U.S.A. in 5'/s hours and across 
the North Atlantic in 7!/. hours. Propos 
als to incorporate the De-Rated Turbo- 
prop in either present-day or forthcoming 
air liners have already been made by Cur 
tiss- Wright to transport-aircraft producers 
in the United States and to air-line execu 
tives both in this country and abroad. 


Douglas Aircraft Company, Inc... .A 
new division, to be known as the Charlotte 
Division, is being established at Charlotte, 
N.C., to serve as a secondary source to the 
Santa Monica Division in the production of 
the Nike guided missile. This new factory 
is being set up in the 1,250,000-sq.ft. plant 
formerly operated as the Charlotte 
Quartermaster Depot. The building is 
being rehabilitated by the U.S. Army 
Corps of Engineers and will be occupied 
by Douglas in June or July of this year. 
Actual production at the Charlotte Divi- 
sion is expected to begin early in 1956. 
Heading the new division will be Sheldon 
P. Smith, MIAS, formerly Assistant Chief 
Missiles Project Engineer at Douglas, 
Santa Monica. ...A newly manufactured 
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Albert A. Werth (M), Senior Proj 
Engineer, Allison Division, General ¥ 
tors Corporation. Formerly, Prelimi 
Design Engineer, Fairchild Aircraft Dj 
sion, Fairchild Engine and Airplane Co 


RB-66 reconnaissance bomber landed eg 
in February at Tucson Municipal Airpg 
and so initiated the new Douglas Tucs 
facility as a production test base. 
undisclosed number of B-66 aircraft are 
be modified and flight tested at the Tucsg 
plant prior to delivery to the Tactical 
Command. This facility, operated by th 
company’s Long Beach Division, adjoin 
the Tucson airport. 


@ Douglas Aircraft Company, Inc., and 
Convair, a Division of General Dynamic 
Corporation. . .The sum of $2,200,000 was 
allocated by the U.S. Air Force for the ex 
pansion of testing facilities at Edwards 
AFB, Calif. These flight test facilities 
which will be shared by Douglas and Com 
vair, will be ready for occupancy by lat 
summer. 

@ Fairchild Camera and Instrument Co 
poration. . .A building with some 24,000 
sq.ft. of floor space is now being con 
structed on a 6-acre site in Los Angeles and 
is scheduled forcompletionin June. There 
will be adequate space for an additional 
24,000 sq.ft. to be built at a later date. 
This new West Coast plant will be set up 
primarily to house the expanded manu- 
facturing facilities of the Fairchild Poten-? 
tiometer Division; however, it will also 
include office facilities for the other divi” 
sions and subsidiaries concerned with” 
aerial cameras, graphic arts products, and 
portable power tools. . . .It was recently 
announced that, effective March 1, 1955, 
Fairchild Aerial Surveys, Inc., became a 
wholly owned and operated subsidiary of 
Fairchild Camera and Instrument Cor- 
poration. Fairchild Aerial Surveys, 
founded in 1924, had been operating since 
August 13, 1936, under a voting trust 
agreement as a partially owned subsidiary 
of the parent corporation. This subsidi- 
ary company has offices in Los Angeles, 
Long Island City, and Manhattan. 


e@ General Electric Company. . .The In- 
strument Department is producing com- 
pass-controlled directional gyro compass 
systems for the U.S. Navy. These G-E 
compass systems, Type MA-1, have a re- 
ported free gyro drift rate of less than 4° 
per hour and are planned for use in Naval 
fighters, attack planes, and submarine- 
hunting helicopters. A six-point jet- 
engine service program is described in de- 
tail in G-E’s new 16-page bulletin titled 
“Operation Service’ and designated GEA- 
6136. The program described therein was FIRST 
set up by G-E to help engine users cut 
operating costs and obtain top performance Press 
from the G-E J-47 and J-73 engines. Bul- ino 
letin GEA-6136 is available fiom the |" 
company’s Schenectady, N.Y.., office. Ings 
e Jack & Heintz, Inc. . . .Two new relays ] gg ¢, 
have been developed to meet the problems 
of switching the high currents encountered Wyn 
in aircraft 28-volt d.c. systems. Designed 
to meet all requirements of Specification 
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FIRST die forging press in the Air Force Heavy 
Press Program — 35,000-ton capacity. Now 
in operation and capable of producing forg- 
ings larger than heretofore attempted. Again, 
as from the beginning of the aviation age, 
Wyman-Gordon pioneers in scientific advance. 


YMAN-GORDON GO. 


Established 1883 
FORGINGS OF ALUMINUM ¢ MAGNESIUM 
STEEL ¢ TITANIUM 


WORCESTER I, MASSACHUSETTS 


HARVEY, ILL. 


DETROIT, MICH. 
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Amphibious floats have been developed by Edo Corporation for aircraft in the Cessna 180 
class. These floats, Model 289, are designed with a quadricycle landing gear that is re- 
tracted and extended by means of an electromechanical actuating system housed in each 
float. The two main wheels, located just aft of the step, retract into wheel wells for water 


landings. 


The full castering nose wheels retract upward for water landings so that the struts are 


flush with the forward section of the keel and the wheels are exposed just forward of and be- 


low the bow bumpers. 
any standard instrument cutout. 


MIL-R-6061, these single-pole, single- 
throw relays are identical except for 
mounting. The JH28007-1 relay con- 
forms to an AN3370-1 mounting while re- 
lay JH28007-2 meets an AN3370-2 mount- 
ing. The relays weigh 1.25 lbs. 

e Lear, Incorporated. .A three-phase 
plant-expansion building program has been 
completed. This includes the construction 
of additional facilities for all five divisions. 
New construction during the past year 
totaled 198,600 sq.ft., bringing Lear’s total 
plant facilities to 536,100 sq.ft. 

e@ Lockheed Aircraft Corporation. . .The 
one-hundred-millionth man-hour of work 
on Constellation series airplanes was 
celebrated on February 21. 

e Pratt & Whitney Aircraft Division, 
United Aircraft Corporation. . .The one- 
thousandth J-57 turbojet engine has been 
shipped, the company announced on 
March 8. The J-57 has been in volume 
production since February, 1953. 

e Simmonds Aerocessories, Inc. . . .A 
new type of explosion suppression system 
has completed an intensive program of 
laboratory and flight tests and is being in- 
stalled on production models of the Chance 
Vought F7U-3 Cutlass. This device, 
known as the Simmonds Explosion and 
Fire Suppression System, has two basic 
components—a sensing element or detec- 
tor and one or more capsules or small re- 
servoirs to which the detector is connected 
electrically. In operation, the detector 
senses an incipient hazard and in micro- 
seconds triggers the system, the capsule 
which is ruptured by means of a detonator 
releases a suppressant mist and snuffs out 
the potential danger while relatively 
harmless. The F7U-3 installation of this 
system includes protection for leading edge 
cavities and fuel cells. The original re- 
search which led to the invention of the 
Explosion and Fire Suppression System 
was done prior to 1950 at the Royal Air- 
craft Establishment in England. This 
particular system was developed and 
manufactured in this country by Sim- 


The control and position-light system has been designed to fit into 


monds under license from the English in- 
ventors 

@ Solar Aircraft Company. . .The new 
Model T-300J] gas-turbine-driven ground 
power units, now in production for the Air 
Force, are expected to supply enough com- 
pressed air under all operating conditions 
to start such large jet engines as the Allison 
J-71 and Pratt & Whitney J-57. This 
portable unit was developed from a 500-hp. 
Jupiter gas-turbine engine that was modi- 
fied so that most of its output would appear 
in the form of compressed air bled from the 
gas turbine’s compressor. The Jupiter 
was originally developed under a USN 
contract as a prime mover for electric 
generators and high-speed boats. 

®@ Stanley Aviation Corporation. . .A Stan- 
ley T-33A cockpit procedure trainer has 
been installed at Laredo AFB, Tex., for 
evaluation. In addition to normal train- 
ing in operation of the T-33, the student 
can be subjected to flame-outs, fire, hy- 
draulic failures, etc., and his responses 
can be observed. The trainer is intended 
to introduce the pilot to alien and/or 
complex equipment or situations, thus 
reducing accident potential. A procedure 
trainer prototype for the F-84F has been 
tested at Luke AFB, Ariz. 

Thompson Products, Inc. . . .An Ameri- 
can Legion annual award was presented to 
Thompson for its employment of physi- 
cally handicapped veterans. Employ- 
ment figures for two Thompson plants 
show that the company had 325 physically 
handicapped veterans out of a total of 
9,762 male employees, including 2,750 
veterans. 

@ Union Carbide and Carbon Corpora- 
tion. . .A new technical booklet on iso- 
propanol has been released by Carbide 
and Carbon Chemicals Company, a U.C.C. 
Division. This 16-page publication con- 
tains information on the uses, physical 
and physiological properties, shipping 
data, specifications, and constant-boiling 
mixtures of isopropanol. The booklet 
(F-8731) is available from any of Carbide’s 
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offices and from Carbide and 
Chemicals’ New York office 
Vice-Presidents of Linde Air 
Company, a U.C.C. Division, were rm 
cently announced. They are Eugem 
Easterly, Vice-President— Distribution, 
and E. G. Hickling, Vice-President~ 
Operations. 


@ United Air Lines, Inc. . . .The ney 
$6,000,000 hangar and operations building 
at New York International  Airpor 
(Idlewild), which is scheduled for o@ 
cupancy this month, is reportedly the 
largest air-line facility at that field. This 
structure, constructed of brick and steel, 
covers 4'/» acres of a 43-acre track. Ramp 
area, parking space, and future buildings 
will take up 30 acres. The hangar has al 
most 65,000 sq.ft. of floor space, and the 
office area has some 35,000 sq.ft. of floor 
space. The land on which this new struc. 
ture is located has been leased from the 
Port of New York Authority for 20 years, 
with an option for renewal at the end of 
that time. . . .Aksel Nielsen, a Colorado 
financier who is a Past-President of the 
Mortgage Bankers Association of America, 
has been elected to the U.A.L. Board of 
Directors. This action increases the 
Board’s membership to 13. 


@ Western Gear Works. . .A hand-oper- 
ated air-borne type of hoist has been de- 
signed to provide for a maximum operating 
load of 1,000 Ibs. with a reeling capacity of 
22 ft. of 3/32 cable. It is said to be capable 
of being driven with a standard 3/8 hex 
socket speed wrench. The ratio is five 
turns of the input for one revolution of the 


drum, providing a maximum pull-off 
angle of 12°. The installed weight is 4.75 
lbs. 


@ Westinghouse Electric Corporation. .. 
The Electronics Division has announced 
plans to build a plant near Friendship Air- 
port, Baltimore, for production of military 
electronic equipment. It will be adjacent 
to the Westinghouse Air Arm Division 
plant. Scheduled for occupancy in Janu- 
ary, 1956, the plant will have 210,000 sq 
ft. devoted to manufacturing space and 
140,000 sq.ft. for engineering and office 
facilities. .. .A 31-page booklet ( B-6392) on 
air-borne electrical power is available 
from the Pittsburgh office. This publica- 
tion emphasizes, through illustrations and 
test material, the extensive facilities avail- 
able and necessary for developing, produc- 
ing, and testing aircraft electrical systems 
and components. 


@ Wyman-Gordon Company. . .A 35,000- 
ton closed-die forging press has _ been 
placed in operation as part of the USAF 
heavy press program. First forgings 
produced—the largest light-alloy forgings 
ever made—were aluminum wing spars 
for the Convair F-102. The spars were 
12 ft. long, 18 in. wide at the widest point, 
and as little as 3/16 in. thick in some areas. 
Four such spar forgings in the F-102 will 
replace 272 parts and save 3,200 rivets per 
plane, cutting the weight of the plane by 
100 Ibs. The giant hydraulic press was 
designed by Loewy Construction Com- 
pany, Inc., subsidiary of Hydropress, Inc. 
A 50,000-ton press is being assembled by 
Loewy at the same plant for operation in 
the late summer. . . .Robert W. Stoddard, 
formerly Vice-President, was named Pres- 


128 
s W 
» 
% 
Ne 
yo 
a 
sh 
fo 
tre 
pe 
b 
hi 
* 
LINE 


Carbo 
WoO ney 
r¢ ducts 
rere fe 
Eugen 
bution: 
ident~ 


he ney 
ruilding 
Airport 
for 
ily the 
1. This 
d steel, 

Ramp 
uildings 
has al. 
and the 
of floor 
W Struc. 
‘om the 
years, 
end of 
‘olorado 
of the 
.merica, 
oard of 
es the 


id -oper- 
een de- 
erating 
acity of 
capable 
3/8 hex 

is five 
n of the 
pull-off 


t is 4.75 


Hen, 
1ounced 
hip Air- 
military 
.djacent 
Division 
n Janu- 
,000 sq 
ace and 
d_ office 
1392 ) on 
vailable 
publica- 
ons and 
avail- 
produc- 
systems 


35,000- 
is been 
» USAF 
forgings 
forgings 
g spars 
rs were 
‘t point, 
areas. 
102 will 
vets per 
lane by 
ess was 
1 Com- 
oss, Inc. 
bled by 
ation in 
oddard, 
od Pres- 


AERONAUTICAL ENGINEERING REVIEW—MAY, 1955 129 


DIMENSIONS FOR R-300@ WAY) ARE IDENTICAL - 


WITH MODEL R-3IO EXCEPT SHAFT END IS 
OMITTED. 


2-GEAR RATIO# OR 2:1 

3-ARROWS INDICATE RELATIVE ROTATION. DIRECTION 
OF ROTATION IS REVERSIBLE. 

4-DIMENSIONS FOR R-300 (2 WAY) ARE IDENTICAL WITH R:3I0. 


5- WEIGHT *8% OZ. 
24 2 TURNS OF “A’ GIVES I TURN OF 


Ga w T ivi K E Model Tune HP RPM Shaft dia WT 
Shaft Torque (Inches) (Ib) 
A RIGHT-ANGLE 


& to | 
Type Turns Output “B” (ib in) 


R300 | 1 | % | 1800 | 450 % | % 
BEVEL GEAR a 
R-300-2 | 2:1 | % | 1800 | 450 % | % 
2-way 
Need a right-angle gear drive? You can make one | ia | % | 100 | 40 | | 
-way 
yourself. Here’s all you need: a set of Coniflex* gears, 
a precision-cast housing, antifriction bearings, and 
shaft extensions. Put these together, lubricate the unit 
for life, test it for quietness (noise means future — | | 
trouble), and you have a right-angle drive. Too ex- R202 | 2: 1 | 1800 | 1500 % | 22 | 
pensive, you say? That’s why we would urge you to —— t 1 a 
R330 | | 2 | 1800 | 1500 | % | 24 | 
buy ANGLgear, a compact, standardized take-off that 3-way | | | 
y gear, pact, | 
has won the respect of designers everywhere. 330-2 | 21 | 1 | 1900 | 1500 | % | 24] 


3-way | 


*Trade-mark The Gleason Works, Rochester, N.Y. 


LINEATOR® ROTORAC® TRIM TROL@ ROTORETTE® ROTOLOK 


Contains full information on the Airborne 


HILLSIDE 5, NEW JERSEY line of electromechanical actuators and feel 
systems. Write for your copy today 


STANDARD SAE INVOLUTE SPLINE 
TEETH, 3438 PD. 
32/64 DIAM. PITCH 
2.26 DIA: 1250 
EPR NOTE- 8 HOLES 
wor OMITTED ON 1.385 4,625 
656 
50 _ 
: 2 TEETH 54-27 NS3 THD | 
48 DIAM. PITCH 1.54 . 
PA 
GENERAL SPECIFICATIONS- 
ULTIMATE TORSIONAL STRENGTH* 250L8.1N. , MINIMUM. 
ep Va — 
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ident of the company on February 23. 
He succeeds Harry G. Stoddard, who held 
the Presidency since 1931 and who is now 
Chairman of the Board. George F. 
Fuller, an employee of the company for 67 


years, was made Honorary Chairman of 
the Board of Directors. Sacket R. Dur- 
yee, Treasurer of Wyman-Gordon, was 
named to the additional post of Vice- 
President. 


IAS Sections 


Chicago Section 


Leland W. Sims, Secretary 


The Chicago Section met at the Glen- 
view Naval Air Station on January 19. 
At 6:30 p.m., members and guests were 
transported by bus to the main hangar 
where a static exhibit had been ar- 
ranged for the group. On display were 
an F9F Cougar, a two-place jet trainer, 
and an HUP helicopter. 

At 7:30 p.m., the group assembled in 
the dining room of the Officers’ Club 
where dinner was served to 110 per- 
sons. Following dinner, Chairman 
Richard A. Schram opened the meeting 
and introduced the guests: Rear Adm. 
Daniel V. Gallery, USN, Chief of Naval 
Air Reserve Training, and Mrs. Gallery; 
Carl Stockholm, President of the Navy 
League of Chicago, and Mrs. Stockholm; 
Mrs. Richard A. Schram; Capt. W. R. 
Hollingsworth, USN, Commanding Offi- 
cer, NAS Glenview, and Mrs. Hollings- 
worth; Comdr. H. Vincent, USN, Ex- 
ecutive Officer, NAS Glenview; and 
Kenneth L. Burroughs, President of The 
Aeronautical University and Chairman 
of the Chicago Section Advisory Board. 

Mr. Schram then introduced the guest 
speaker, Vice Adm. Austin K. Doyle, 
USN, Chief of Naval Air Training. 
Admiral Doyle spoke on the function 
and requirements of aircraft used in the 
Navy training programs. He stressed 
the need for safe and reliable aircraft in 


training Navy pilots. He emphasized 
that there was a need for aircraft de- 
signed specifically for training purposes 
and decried the common practice of us- 
ing second-line fleet aircraft. 

Admiral Doyle used a statistical 
analysis of fleet-type and training-type 
aircraft in the Training Command to 
illustrate their comparative qualities. 
In all aspects compared, such as acci- 
dent rate, accident cost, number of air- 
craft required, and number of main- 
tenance personnel required, the record 
of the training-type airplane was strik- 
ingly favorable. 

It is a matter of record that training- 
type aircraft have been designed and 
procured which will match favorably the 
performance of combat craft with in- 
creased safety andeconomy. However, 
Admiral Doyle stressed the need for ad- 
ditional work on the design of a two- 
place swept-wing trainer for use in the 
near future. Also desired is a multi- 
engined trainer to prepare pilots for the 
aircraft now in production for fleet use. 
Admiral Doyle concluded by urging air- 
plane designers to keep in mind the 
difficulties involved in training young 
men to fly combat aircraft now in pro- 
duction. 


p On February 2, the Chicago Section 
met at 6:00 p.m. in the Dehmel training 
room of United Air Lines, Inc. Seventy- 
four persons were conducted through 
two Dehmel flight simulators—a DC-6 


Inspecting United Air Lines’ Dehmel Flight Simulator at the February 2 meeting of the 


hicago Section are (left to right): Alfred F. Stott, Dean of Engineering, Th 


University; 
Instructor, UAL. 
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Gus Sommermeyer, Director of Flying, UAL; and George Ferguson, Dehmel 
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1935 


Vice Adm. Austin K. Doyle, USN, 
Chief of Naval Air Training, NAS, Pense 
cola, Fla., addressed the Chicago Section on 
January 19. 


and a Convair—where operators demon. 
strated how flight crews are given ex 
perience in handling flight situations, 
some of which would be impossible to 
simulate in actual flight. John Sandow, 
Head of UAL’s Dehmel training unit, 
was in charge of the demonstration, 
Groups alternated between the training 
room and the adjoining cafeteria, where 
dinner was served. 

At 8:00 p.m., 105 members and guests 
assembled in the auditorium of the main 
building of United Air Lines, where the 
Cockpit Procedures Panel was _ held, 
The panel included Richard C. Dehmel, 
Chief Engineer, Electronics Division, 
Curtiss-Wright Corporation; I. E. Som- 
mermeyer, Director of Flying, UAL; 
Carl Christenson, Director of Safety, 
UAL; and Capt. Lawrence Shapiro, 
UAL. Richard A. Schram, Section 
Chairman, opened the meeting and in- 
troduced the speakers. 

Mr. Dehmel described in consider- 
able detail the complexities of the train- 
ing units he had designed. He pointed 
out the function of each part in con- 
junction with the electronic computer in 
simulating the control, instrument, and 
flight responses so that the trainer re- 
sponds in an identical manner to the 
actual airplane in flight. 

Mr. Sommermeyer discussed the in- 
troduction of good cockpit procedures 
into air-line operation and stressed the 
need for experience in gaining this. He 
emphasized that this experience should 
be gained by use of training devices. 
He traced the development of cockpit 
procedure for air crews from the time of 
the first multiengined airplane to its 
present status with the armed forces 
and the air lines. During this period 
came the gradually increasing need for 
and application of training devices. 

Mr. Christenson spoke on safety as 
pects of air-line operation and cot- 
curred with Mr. Sommermeyer on the 
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advantages of flight simulators in train- 
ing crews in good cockpit procedures. 
He emphasized the remarkable safety 
record of commercial air travel but 
stressed the desire of all air lines to per- 
fect their safety records further. The 
flight simulator was described as a neces- 
sary aid in attaining this goal. 

Captain Shapiro spoke on the pilot, 
the airplane, and safety. In stressing 


the importance of a device such as the 


Dehmel trainer, he described the pilot 
machine relationship and the mainte- 
nance of proper balance of this relation- 
ship. He discussed environmental in- 
fluence, pilot capability, workload, crew 
capacity, and the factors that influence 
a pilot or crew workload capacity. He 
concluded by illustrating the manner in 
which training, safety, education, and 
improved aids are used to maintain the 
proper balance of pilot, airplane, and 
environmental influence. 

> On Wednesday, March 2, the Chicago 
Section met at the Museum of Science 
and Industry for its annual student 
meeting. Continuing the policy of the 
previous 4+ years, the Student Members 
in the Chicago area arranged and con- 
ducted a symposium-type program. 
The theme of the symposium this year 
was ‘‘Techniques for Testing Airplanes 
and Men 


At 6:30 p.m., 68 members and guests | 


assembled in the cafeteria of the Mu- 
seum of Science and Industry for dinner. 
Later in the evening 107 members and 
guests met in the auditorium 
museum. The meeting was opened by 
the Chicago Section Chairman, Richard 
A. Schram. Mr. Schram introduced 
the Chairman of the 
Committee, Alfred F. Stott, who de- 
scribed the manner in which the stu- 
dents, in conjunction with the com- 
mittee, planned the program. Mr. 


Stott then introduced Philip Meyer, a | 


junior in aeronautical engineering at the 
University of Illinois in Champaign, 


who was selected to be Chairman for the 


evening. Mr. Meyer thanked the Chi- 


cago Section for turning over one of its | 


regular meetings to the Student Mem- 
bers and expressed the sentiments of all 


Student Members in hoping that this | 


would be continued in future years. 

The first speaker, Stanley A. La- 
Favor, Group Stress Engineer, Mc- 
Donnell Aircraft Corporation, was in- 
troduced by Student Member Raymond 


Richardson, of the University of Illinois | 
paper | 


in Chicago Mr. LaFavor’s 
was entitled “Test Development of 
Structures Designed Understrength.”’ 
He described in considerable detail the 
stretch-test procedure used in design at 


McDonnell Aircraft, illustrating with 


slides the method of static testing to | 
failure and redesign of the weakest parts | 


so that the lightest possible final struc- 
ture is attained. This also illustrated 
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—the Douglas A3D Skywarrior 


Largest of all carrier-based aircraft, the 
Douglas A3D Skywarrior adds new 
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ing force of our fleet air arm. 
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carrier decks to fly in the 600-700 mph 
class. Its great range with huge payload 
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would permit taking off from a carrier in 
one ocean, completing a mid-continent 
bombing mission, and continuing to a 
waiting carrier in an opposite ocean. 
Further, its simplicity of airframe allows 
wide flexibility in the missions it can 
handle. In short, the twin jet A3D Sky- 


warrior carries on the Douglas tradition 
of more airplane per dollar. 

Designing planes that will fly farther 
and faster with a bigger payload is a 
basic Douglas concept...a concept 
which has made Douglas the largest air- 
craft manufacturer in the world. 
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the necessity of incorporating static 
testing with the design department. 
The second scheduled speaker, James 
A. Coleman, Engineering Test Pilot, 
Convair Division of General Dynamics 
Corporation, was unable to appear at 
the meeting to present his paper because 
of  flight-test-schedule complications. 
Mr. Coleman was to have been intro- 
duced by Student Member Robert W. 
Yeager, of The Aeronautical University. 
The final speaker was Capt. Julius 
C. Early, USN (MC), Commanding 
Officer of the U.S. Naval School of 
Aviation Medicine, Pensacola, Fla. 
Captain Early was introduced by Stu- 


THREE GREAT NAMES IN AVIATION 


dent Member Kenneth Hudson, of the 
Illinois Institute of Technology. 

Captain Early traced thoroughly the 
testing procedures used by the Navy 
from the initial selection of pilot candi 
dates to the final testing of qualified 
pilots to determine their ability to 
withstand high-inertia forces encoun- 
tered in all maneuvers and speeds. Al- 
titude tests in low-pressure chambers 
were also described; these chambers are 
used to determine the individual's limi- 
tations and reactions caused by deficient 
oxygen supply. 

The two speakers held a question-and- 
answer period at the end of the program 
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and were generous in extending thi 
period to the satisfaction of all present 
Mr. Schram closed the program wit} 
thanks to the speakers, the students 
and the Student Committee. The 
meeting was adjourned at 10:45 p.m. 


Cleveland-Akron Section 
Howard F. Powders, Secretary 


The February 24 meeting of the 
Cleveland-Akron Section was held jz 
Akron jointly with the American Rocke 
Society. The guest speaker on this 
occasion was Walter R. Dornberger 
Guided Missile Consultant to the Bel 
Aircraft Corporation, who will be re. 
membered for his rocket research work 
in Germany and particularly for the 
development of the V-2 missile. 

Speaking on “The Rocket-Powered 
Commercial Air Liner,” Dornberger 
discussed all the operational problems 
that would be encountered, including 
high speeds, types of fuel, and flight 
scheduling. He made numerous com. 
parisons between his projected rocket 
air liner and present-day transport ait. 
craft. His talk was illustrated with 
slides presenting the operational prob- 
lems in graphic form. Other slides 
showed his conception of what the fu- 
ture rocket-powered air liner would look 
like in flight and at its take-off and 
landing stations. 

Following this presentation, the meet- 
ing was held open for a question-and-an- 
swer period. All members of the com. 
mittee agreed that this was one of the 
most interesting meetings our section 
has had in recent months. 


Dayton Section 
Gunther R. Graetzer, Secretary 


On February 24, the Dayton Section 
held a dinner meeting at the Engineers 
Club. Eighty-four members and guests 
were present for the dinner. 

At the beginning of the evening’s pro- 
gram, the Honorary Chairman, Rear 
Adm. T. C. Lonnquest, and the Chair- 
man, George J. McTigue, introduced the 
guests of honor. These included: S. 
Paul Johnston, Director of the IAS; R. 
R. Dexter, IAS Secretary; and Brig. 
Gen. Harold E. Watson, USAF, speaker 
of the evening. General Watson, Com- 
mander, Air Technical Intelligence 
Center, discussed ‘‘Soviet Air Technical 
Achievements.”’ (The text of General 
Watson’s address will appear in the 
June issue of the REVIEW.) 

A movie of the Soviet military power 
exhibited during the May, 1954, Mos- 
cow Festival concluded the evening, the 
most outstanding of the 1954-1953 
session. 

General Watson’s address attracted a 
record attendance of 166 members and 
guests. 


Three 
Divisior 
plane C 
ary 151 
tion. 
speaker 
the M 
Gehlhai 
terial C 
chasing 
and gue 
A re 
men’s 
Januar 
H. Bec! 
made | 
terest 1 
studen 
leaders 
contac 
given | 
erings. 


Jo 


In 
Curre: 
the F 
thony 
Test | 
tion, | 
of the 
tertat 
sidera 
Vier’s 
of rec 
tion 

A 
speak 
from 
rently 
best 
delta 
tail, 
is ho 
signe 
make 
have 
gion: 
men 
sevel 
sider 
tate 
He | 
way: 
need 
advc 

proa 
duri 

dow 
ala 
grea 
trol- 
crea 
denc 


Ls 
|. 
} 
if 
Z 
“4 
«* 


ing this 
present 
am with 
students 
The 
) p.m. 


ion 


of the 
held jn 
1 Rocket 
on. this 
nberger 
the Bell 
1 be re. 
ch work 
for the 


Powered 
rnberger 
sroblems 
ncluding 
flight 
us com- 
1 rocket 
port air- 
ed with 
al prob. 
r slides 
. the fu- 
yuld look 
-off and 


he meet- 
-and-an- 
he com- 
e of the 

section 


etary 


Section 
ngineers 
id guests 


1g’s pro- 
n, Rear 
e Chair- 
uced the 
led: S. 
IAS; R. 
id Brig. 
speaker 
n, Com- 
lligence 
echnical 
General 
in the 


y power 
4, Mos- 
‘ing, the 
54-1955 


racted a 
ers and 


Hagerstown Section 


Andrew Pickens 
Secretary-Treasurer 


Three executives of Fairchild Aircraft 
Division, Fairchild Engine and Air- 
plane Corporation, spoke at the Febru- 
ary 15 meeting of the Hagerstown Sec- 
tion. W. R. Long introduced the 
speakers : S. T. Mulroney, Manager of 
the Materials Department; C. M. 
Gehlhaus, General Supervisor of Ma- 
terial Control; and C. F. Murray, Pur- 
chasing Agent. Thirty-five members 
and guests attended. 

A report on the annual IAS chair- 
men’s meeting, held in New York on 
January 25, was presented by Theodore 
H. Beck. He described the efforts being 
made by other Sections to promote in- 
terest in engineering among high school 
students. He said that educational 
leaders in the Hagerstown area would be 
contacted to arrange for talks to be 
given by IAS members at school gath- 
erings. 


Los Angeles Section 
Joseph W. Wechsler, Secretary 


In a talk entitled “‘My Reactions to 
Current Design Trends’’ delivered at 
the February 17 dinner meeting, An- 
thony W. Le Vier, Chief Engineering 
Test Pilot, Lockheed Aircraft Corpora- 
tion, provided 450 members and guests 
of the Los Angeles Section with an en- 
tertaining evening as well as with con- 
siderable food for thought. Mr. Le 
Vier's address offered a worth-while list 
of recommendations for the considera- 
tion of airplane designers. 

A significant point made by the 
speaker was the secondary importance, 
from the pilot’s point of view, of the cur- 
tently popular controversies over the 
best configuration—straight, swept, or 
delta plan form, high or low horizontal 
tail, etc. The pilot’s primary concern 
is how the airplane flies. Was it de- 
signed with adequate basic stability to 
make it a good gun platform? Does it 
have good control in the transonic re- 
gion? In the area of specific recom- 
mendations, Mr. Le Vier mentioned 
several so-called ‘‘gadgets’’ that he con- 
sidered worth while. Among these are 
tate dampers and incremental control. 
He also indicated a desire for better 
ways to get out of the airplane when 
needed. Speaking on operations, he 
advocated the straight-in landing ap- 
proach and pointed out the advantage, 
during a dead-engine descent, of coming 
down in a glide configuration rather than 
a landing configuration. In this way, 
gteater speed—and hence greater con- 
trol—is realized with only a slight in- 
crease in sinking speed. He also evi- 
denced concern over the increasing 
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danger of fighter aircraft being unable to 
return to base because of lack of fuel as 
a result of a few extra minutes spent in 
combat. This situation is caused by 
the high rate of fuel consumption during 
afterburner operation. 

In conclusion, Mr. Le Vier urged that 
test pilots work more closely with every 
group involved in design and suggested 
that engineers might ask themselves, 
‘Would I want my son to fly the air- 
plane I am designing?” 

After the formal presentation, Ru- 
dolph L. Thoren, Chief Flight Test En- 
gineer at Lockheed, who had introduced 
the speaker, conducted a lively question 
period. Section Chairman Warren Dick- 
inson then adjourned the meeting with 
the hope that the Section would invite 
test pilots more often to give “their 
side of the picture.”’ 


Ray Reimer 
Member, Specialist Meetings Committee 


Ralph E. Van Deventer, Vice-Presi- 


dent—Materials and Process, Alloy 
Engineering and Casting Company, 


Champaign, Ill., addressed a group of 
65 members and guests of the Los 
Angeles Section at a specialist meeting 
held on February 8. The talk was en- 
titled ‘“‘Design Benefits from Applica- 
tion of Process Controls.” 

The speaker brought out the fact that 
castings could be advantageously used 
in place of forgings in many aircraft 
applications, if advanced process con- 
trols—including mechanical and metal- 
lurgical tests—were applied in the de- 
sign stage. He stated that small quan- 
tities and rapid obsolescence have lim- 
ited the development of castings in favor 
of forgings. However, the flow lines 
in forgings can be the cause for limita- 
tions to their use, while the properties 
of castings can be controlled by proper 
attention to process controls. The 
presentation was concluded with slides 
illustrating the development of cast 
parts at Studebaker-Packard Corpora- 
tion. 


St. Louis Section 
L. A. Smith, Secretary 


The January 26 meeting of the St. 
Louis Section was held jointly with the 
National Aeronautic Association (St. 
Louis Section) at the Engineers Club. 
Fifty-five members and guests at- 
tended. 

Vice-Chairman F. L. Doblhoff wel- 
comed members and guests to the 
meeting and announced that the Chair- 
man was attending the IAS Annual 
Meeting in New York. 

The Educational Committee reported 
on the Student Paper Competition, 
and other committees presented plans 
for the coming months. 
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Lou Raisch introduced the speaker 
of the evening, Capt. E. G. Sperry, who 
received the Cheney Award for de- 
velopment of the downward ejection 
seat. 

Captain Sperry outlined the physio- 
logical aspects of ejection from high- 
speed aircraft and defined the limiting 
factors of escape. At present, he said, 
20g and 390 knots I.A.S. are the limit- 
ing factors in escape without serious 
injury resulting. It appears that down- 
ward ejection, which was developed 
as an alternate escape system, has 
many advantages in high-speed air- 
craft. However, the new problem of 
pilot retention is created. 

Research is now being conducted to 
define more clearly the exact parameters 
involved in the various modes of escape 
and to provide escape systems that 
will permit evacuation of airplanes at 
today’s performance levels. 


San Diego Section 


J. M. Adamson 
Corresponding Secretary 


J. G. Wenzel, Section Chairman, and 
members of the Student Aid Commit- 
tee of the San Diego Section, have 
been instrumental in establishing a 
Student Branch at San Diego State 
College. 

Nineteen charter members have been 
enrolled under the Honorary Chair- 
manship of Charles Morgan, Assistant 
Professor of Engineering, SDSC. 


IAS formally approved the estab- 
lishment of the Branch on February 
16. 


Student Branches 


California State Polytechnic College 
Robert Evans, Reporter 


The February 3 meeting of the Calli- 
fornia State Polytechnic College Stu- 
dent Branch was called to order by 
Secretary Gene Robinson in the ab- 
sence of Chairman Jack Gresham. Forty 
students and faculty members were 
present. 


After a short business meeting, Secre- 
tary Robinson introduced Harold P. 
Hayes, Dean of Engineering, California 
State Polytechnic College, who spoke 
on “The Engineering Outlook.”’ 

Dean Hayes began by citing some 
statistics pertaining to the number of 
engineering graduates since 1949 and 
the number of engineering openings in 
the industry for these graduates. He 
then went on to relate the popular 
feeling among most engineers and school 
officials about the general trends in 
employment. These figures and theo- 
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ries were related to the estimate of ey. 
penses borne by the college and by the 
student himself. The type of cur. 
riculum offered and the reasons for it 
were discussed. 


Dean Hayes then endeavored to give 
the sequence and explanation for the 
building being done on the campus at 
this time. The meeting was adjourned 
after a question session. 


> The February 17 meeting of the IAS 
Student Branch was called to order by 
Chairman Jack Gresham. Attending 
were Mr. and Mrs. Wolfgang Klemperer 
and 80 students and faculty members, 


Mr. Klemperer, a Founder and Fel. 
low of the IAS, and a Research Engi- 
neer with Douglas Aircraft Company, 
Inc., in Santa Monica, Calif., spoke on 
“Sailplanes in the Service of Scientific 
Research.’’ He commenced with an 
introduction to the sailplane and its 
general configuration and cited several 
records set by sailplanes. He then ex. 
plained how the wind currents are 
utilized in ridge soaring, thermal soar. 
ing, thunderstorm and cold-front soar- 
ing, and standing wave soaring. The 
sailplane can be used to advantage, 
he said, in flight training, in sport flving 
and in obtaining flicht-test data. 


How the sailplane was used in ex- 
ploring the standing wave phenomenon 
(Sierra Wave) in California was ex- 
plained, and it was pointed out that 
this project required skillful flying by 
those who soared into the wave, braving 
extreme turbulence and hich altitude. 


The speaker showed a color movie on 
the Sierra Wave Project of 1949-1951. 
The film showed the cloud formations 
in the wave, cloud characteristics, 
ground observation methods, recording 
devices, and the sailplanes. Another 
motion picture showed the sailplane 
activity and equipment. The film 
program closed with a movie of early 
sailplane activity in Europe. The 
meeting adjourned to allow those 
present to look through the reports and 
literature brought by Mr. Klemperer. 


Indiana Technical College 
Bernard E. Heyl, Secretary 


Forty-two students attended the 
final meeting of the winter term at Tech, 
with John Wright presiding. Midway 
through the meeting, the Chairman's 
gavel was turned over to the incoming 
Chairman, Norman L. Baker. The 
other new officers assumed their posts 
at the same time. 


A field trip to be held during the 
spring term was discussed. It prob- 
ably will be a visit to the Chicago 
Museum of Science and _ Industry. 
Committeemen for the various ‘‘open 
house” projects outlined progress to 
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Professor Ben L. Dow, Honorary 
Chairman, presented membership cards 
and pins to eight incoming members 
and announced the reinstatement of one 
former Branch member. 

The meeting closed after the showing 
of two films, Attitude Gyro and Harnessed 
Lightning. 


lowa State College 
John L. Midgorden, Secretary 


The January 12 meeting of the 
IAS Student Branch was called to 
order by Chairman Philip Smith. The 
regular business session was omitted 
in order to allot more time to the guest 
speaker. 

John Yardley, a Stress Project Engi- 
neer for McDonnell Aircraft Corpora- 
tion, spoke on ‘‘Industry and the Young 
Engineer.”’ Mr. Yardley was gradu- 
ated from Iowa State in 1944 with a de- 
oree in Aeronautical Engineering. 

The object of his talk was to give a 
picture of a typical aircraft plant and 
what a young engineer could expect 
upon entering the aircraft industry. 
He outlined the organization of a 
typical aircraft plant with the follow- 
ing main divisions—engineering, manu- 
facturing, sales and service, personnel, 
and management—and discussed each 
division briefly, with most emphasis 
on the engineering section. 

Then, in order to give the members 
an idea of what problems are encount- 
ered in building modern aircraft, Mr. 
Yardley followed through a_hypo- 
thetical design problem from the time 
it was simply an idea in the designer’s 
mind until the final product rolled off 
the assembly line. His talk was illus- 
trated with slides of some of McDon- 
nell’s facilities and products. 
> The February 9 meeting of the IAS 
Student Branch was held in Marston 
Hall, following the retaking of the 
yearbook photo in the Student Memorial 
Union. Chairman Philip Smith called 
the meeting to order. 


Glen Christoffersen and James Iver- 
son were named Co-Chairmen for the 
Aeronautical Engineering Veishea Open 
House. ‘‘Veishea’’ is the student-run 
festival held each spring. 


Glen Murphy announced that Capt. 
James Laurence Pritchard, former 
Secretary of the Royal Aeronautical 
Society, Great Britain, would speak on 
“Gas Balloons and Gas Turbines’ on 
February 25. Captain Pritchard, a 
graduate of Cambridge University, 
wrote several mystery novels years ago. 
After becoming interested in aero- 
nautics, he wrote an early British book 
on aircraft structures. He served in 
the Royal Navy during World War I. 
An Honorary Fellow of both the IAS 
and RAeS, Captain Pritchard has 
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been making a lecture tour in the United 
States. 


The evening’s program consisted of 
reports by two students. James Bone 
spoke on “Inerting Aircraft Fuel 
Tanks,” presenting the system pro- 
posed by Howard W. Naulty, of Cornell 
Aeronautical Laboratory, Inc. The 
speaker said that Mr. Naulty found in 
his studies that inerting fuel tanks was 
inexpensive and practical weightwise. 
For example, the unit he proposed would 
weigh only 35 lbs. for a DC-7 transport; 
if the system saved only one airplane 
over a period of several years, this 
saving alone would pay for the weight 
increase penalty for 50 years. 

The advantages of such a system in- 
clude protection from electrical dis- 
charges in the atmosphere or in the air- 
craft’s electrical system itself and pro- 
tection from dangers of ground main- 
tenance, such as sparks and refueling 
hazards. 

The supply of inert gas in Mr. 
Naulty’s system, Bone said, would 
come from the exhaust system of the air- 
plane’s power plant. This gas would 
be run through a heat exchanger and 
purifier before being allowed to enter 
the fuel tanks. Because of the pres- 
ence of this inert gas in the gas tanks, 
the highly combustible mixture of air 
and fuel vapor no longer exists in 
dangerous quantities. 

The second report was given by 
Robert Mullenger on ‘‘Comparison of 
Axial and Centrifugal Compressors.” 
He pointed out advantages of the axial- 
flow compressor, such as smaller diame- 
ter with less frontal area and conse- 
quently less drag and higher compres- 
sion ratio for more efficiency. On the 
other hand, the centrifugal compressor 
is a lighter unit per pound of thrust, 
is less vulnerable to objects entering 
through the diffuser, and has a larger 
critical operating range. As far as 
maintenance is concerned, the centrif- 
ugal is better because of its simplicity. 

Although most of these advantages 
seem to be in favor of the centrifugal 
compressor, Mullenger said, the most 
desirable characteristics of efficiency 
and frontal area rest with the axial- 
flow compressor. The latter, there- 
fore, is being used almost exclusively in 
jet engines. 


Kent State University 
Richard A. Hole, Secretary 


The Kent State University Student 
Branch of the IAS was organized on 
February 9. The following officers were 
elected: Michael Ramicone, Chair- 
man; Carl W. Goodin, Vice-Chairman; 
Richard A. Hole, Secretary-Treasurer; 
and Donald Straley, Staff Assistant. 
Peder A. Otterson, Instructor in the 
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Department of Aviation Technology, 
is the Honorary Chairman. 

Students in the Department of Avia- 
tion Technology have shown a great 
deal of enthusiasm for our recent af- 
filiation with the IAS. It is our goal 
to become one of the most active 
Student Branches of the IAS. 
> On February 24, members of this 
Branch attended a joint dinner meeting 
of the IAS Cleveland-Akron Section 
and the American Rocket Society. 
The guest speaker was Walter R. 
Dornberger, Guided Missile Consultant, 
Bell Aircraft Corporation, whose speech 
is discussed on page 134 of this issue. 


Pennsylvania State University 


E. Allen Weber 
Secretary-Treasurer 


Forty members attended the IAS 
Student Branch meeting at Penn State 
on February 17, with Ralph Straley 
presiding. 

John Fox, Faculty Adviser, again 
urged the seniors to get their papers 
written in time for the contest. 

A motion picture obtained from the 
Navy Department and entitled NADC 
—Johnsville, Pa. was shown. It de- 
scribed in colorful detail numerous re- 
search projects in progress at the Naval 
Air Development Center in Johnsville, 
Pa. Just a few of the topics covered 
in the film were: a human centrifuge 
developing a force of several g’s; man’s 
behavior at high altitudes; drone air- 
craft experiments using B-17’s; launch- 
ing of rockets and guided missiles; con- 
structing photographic equipment for 
fast planes; and developing better de- 
vices such as automatic pilots and navi- 
gation aids. 


Purdue University 
John F. Andrews, Secretary 


George J. Clingman, Powerama 
Supervisor, Allison Division, General 
Motors Corporation, spoke on “‘Turbo- 
props’’ at the February 8 meeting at 
Purdue, which was attended by 43 
Student Members and guests. He dis- 
cussed some of the problems and ad- 
vantages and the possible future of this 
type of power plant in commercial avia- 
tion. 

The following new officers were elec- 
ted: Roy Austin, Chairman; Ronald 
Lang, Vice-Chairman; John Andrews, 
Secretary; and Frank Britt, Treasurer. 

Professor E. F. Bruhn and Prof. 
L. T. Cargnino will serve as Faculty 
Advisers. Ernest Hartman was ap- 
pointed Chairman of the Program 
Committee, assisted by Bill Fait, 
Lionel Wilson, Dean Hofferth, and 
Samuel Hutchinson. Bob Landes and 
John Toney were named to the Publicity 
Committee. 
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A group photo was made for the co] 
lege yearbook, The Debris. 


Rensselaer Polytechnic Institute 


Richard C. Kennedy 
Secretary 


The R.P.I. Student Branch held its 
monthly meeting on February 16 in the 
School’s Aeronautics Department 
Chairman Robert Whitten presided 
over the meeting, at which 60 members 
were present. 

The evening’s feature was a talk on 
new seaplane developments by John 
Decker. Mr. Decker, a 1944 graduate 
of this school, is now associated with 
the aerodynamics division of The Glenn 
L. Martin Company. 

With the advent of jet propulsion, 
as Mr. Decker explained, came new hope 
in the field of high-speed seaplane 
design. One of the greatest obstacles 
that faced the designer in using con- 
ventional propellers was that of keep. 
ing the tips of the blades cut of green, 
or solid, water. The jet engine elim- 
nated this problem so that the contours 
of the fuselage could be lowered closer 
to the water. The result of this is less 
frontal area. Other factors which lead 
to an optimistic view for the seaplane 
are the use of the long-hull afterbodies 
and the elimination of the long-runway 
problem. 

Mr. Decker then compared the de- 
sign and performance problems and 
characteristics of the land plane and the 
seaplane, showing that a flying boat 
may actually be built lighter than a land 
plane to perform a specific mission. 
It was also pointed out that the sea- 
plane may be of great strategic value 
in the event of intercontinental war- 
fare. 

To complete the evening, motion 
pictures were shown of the P5M-2 
Marlin in rough-water tests off Norfolk 
in addition to the first roll-out pictures 
of the XP6M-1 Seamaster, Martin’s 
new jet flying boat. 


San Diego State College 


Formal approval of the establish- 
ment of a Student Branch at San Diego 
State College was given by the IAS on 
February 16. Charles Morgan, As- 
sistant Professor of Engineering, SDSC, 
will serve as Branch Faculty Adviser 
and Honorary Chairman. 

The Charter Members are Wallace 
Anderson, William Boram, Richard 
Bouley, Sim Frahm, Roger Giacolett, 
R. W. Gowdy, James Harrison, Thomas 
R. Hemphell, R. W. Johnson, Terry 


N. Lauritsen, Jim McNeil, Willard 
Merrill, James Monroe, Robert A. 
Parker, Robert R. Perry, Lewis E. 


Ross, William H. Vassis, Donald R. 
Whisler, and Ronald Whisler. 
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Tri-State College 
George Esenwein, Jr., Chairman 


The fall session opened with Robert 
Spatz serving as Chairman of the Tri- 
State IAS Student Branch. Through 
his efforts on registration day, 58 aero- 
nautical students were signed up in the 
IAS. After the first coffee-and-dough- 
nut session to get acquainted with the 
new students, the Branch seemed to 
take on a new spirit. For the rest 
of the term, 75 to 80 per cent of the 
members turned out for meetings. 


A banquet in honor of December 
graduates was held at Twin Gables, 
Columbia, Ohio. The guest speaker 
was Obed Wells, a Project Engineer for 
Cessna Aircraft Company, who out- 
lined some of the problems and meth- 
ods encountered in the structural test- 
ing of airplanes in industry. Using 
slide films, Mr. Wells showed actual 
test setups and results as the structure 
being tested underwent various load- 
ings. For the students, this talk demon- 
strated actual application of some of the 
principles that are studied in college. 


The Scholastic Award was received 
by Gerald Lutz for having the highest 
point average of the graduating IAS 
members. The IAS Lecture Award 
went to George Esenwein, Jr., for his 
presentation of ‘‘Some Aspects of Inlet 
Design for Supersonic Aircraft.”’ 


For the winter term, the Tri-State 
Branch was headed by George Esen- 
wein, Jr. During the 2 days of regis- 
tration, 60 students were signed for 
membership. At the first meeting, the 
Chairman outlined the functions and 
national organization of the IAS. 

Regular meetings this term and last 
term were supplemented with films, 
most of them obtained through the IAS. 
One motion picture of particular interest 
was shown by Robert R. Spatz, our ex- 
FOF-6 pilot. He made it himself aboard 
the carrier U.S.S. ‘‘Wasp”’ while on a 
shakedown cruise. Bob’s film showed 
the topside activities aboard the carrier 
during the take-off and landing phase of 
the air operation. The consensus of the 
members, after seeing Bob’s film and 
hearing his enthusiastic explanation of 
events, was, ‘‘Navy, here we come!” 

An outgrowth of the business meet- 
ings this term was the adoption of a 
tule that more comprehensive records 
be kept of the Branch’s activities. 
Previously, the only records were those 
maintained by each officer and kept in 
his own folder. Since these folders 
changed ownership each term, much 
data that should be on permanent file 
has been misplaced. The new system 
Tequires that at the end of each term the 
accumulated records of the various of- 
ficers be filed permanently in the Aero- 
nautical Department office. 
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As this term is the time for organizing 
the field trip and senior banquet, two 
committees were selected. The Banquet 
Committee set up tentative plans so 
that a speaker could be engaged early. 
The Field Trip Committee sent letters 
requesting permission to visit several 
different aircraft companies in the 
Midwest. To be more specific, three 
tentative trips were adopted: Cleve- 
land—Columbus, Columbus—Dayton, 
and Indianapolis-St. Louis. Since the 
correspondence is not complete at this 
date, the final decision on what trip 
is to be taken probably will be made 
at the first meeting next term. 

Lawrence D. Crowley has_ been 
elected to head the Tri-State Branch 
next term. 

The Branch extends the ‘best of 
luck”’ to its Honorary Chairman, Prof. 
Quintin J. Hawthorne, on his forth- 
coming excursion to Alaska. The 3- 
week trip will start the first week in 
March. 


U.S. Naval Postgraduate School 


Richard J. Peterson 
Corresponding Secretary 


The Student Branch met on Febru- 
ary 9 to hear D. H. Seager, Research 
Aerodynamicist, Lockheed Aircraft Cor- 
poration, speak on recent fighter aircraft 
developments. 

Mr. Seager first outlined the advan- 
tages and disadvantages of various high- 
speed aircraft configurations from the 
aerodynamic standpoint, concluding 
that the thin low aspect ratio wing 
seems to offer the best solution to most 
problems. He then discussed the de- 
sign features of the Lockheed VTO and 
the F-104. 
> On February 23, the Student Branch 
heard H. H. Denlinger, Staff Engi- 
neer, Convair, San Diego, Division, 
in a similar presentation. He discussed 
the Convair ‘Navy Family’’—the 
F2Y-1 Sea Dart, XFY-1 VTO fighter 
and R3Y-1 Tradewind—with a review 
of their development and projected 
uses, 


University of Detroit 
Eugene Rooney, Secretary 


John Squires, of Continental Motors 
Corporation, spoke on “The Small 
Gas Turbine” at the December meet- 
ing of the IAS Student Branch. Using 
slides, he explained the operation and 
specifications of gas turbines of various 
sizes and enumerated the uses to which 
they are now being put. 

Speculating on other possible uses of 
gas turbines, Mr. Squires suggested 
that they might be used as power plants 
in training aircraft in which pilots 
would make the transition from propel- 
ler-driven to jet-powered airplanes and 
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as power plants for helicopters, since 
they offer easy mounting and great re- 
duction in vibration. 

At a business meeting following Mr. 
Squires’ presentation, the following of- 
ficers were elected: Allen Strickfaden, 
Chairman; Donald Palermo, Vice- 
Chairman; John Nassr, Treasurer, 
and Eugene Rooney, Secretary. 


University of Illinois 
James Baker, Secretary 


The University of Illinois Student 
Branch of IAS held its first meeting 
of the spring semester Wednesday, 
February 23, in the Electrical Engi- 
neering Building. Fifty-seven mem- 
bers and prospective members were 
present. Chairman Jim Kuczma pre- 
sided at the meeting and explained 
briefly the functions of the organization. 

A short business meeting was held. 
The minutes of the previous meeting 
were read, and a Treasurer’s report was 
given. A brief report concerning Engi- 
neering Open House was given by 
Engineering Council Representative 
John Kistenbroker. 

Dr. H. H. Hilton ‘introduced the 
guest speaker, L. M. Weeks, Chief of 
Preliminary Design, McDonnell Air- 
craft Corporation. Mr. Weeks gave an 
interesting talk on aircraft structural 
problems due to elevated temperatures. 
The talk, which covered typical prob- 
lems, was illustrated with slides and 
photographs. 

One item Mr. Weeks discussed was 
how a careful investigation of the tem- 
perature variation through a canopy 
enabled the designers to continue using 
plexiglas. Calculations using an aver- 
age temperature had previously indi- 
cated that glass would be necessary. 
The use of plexiglas has meant a weight 
saving of 250 Ibs. 
> The University of Illinois Student 
Branch of IAS held its second meeting 
of the spring semester on March 2 in 
the Electrical Engineering Building. 
Fiftv-one members’ were present. 
Chairman Jim Kuczma called the meet- 
ing to order. 

A short business meeting was held. 
The minutes of the previous meeting 
were read, and a Treasurer's report was 
given. Engineering Council Repre- 
sentative Jim Piechocki briefly dis- 
cussed the Aero Department’s displays 
and called for an all-day effort Satur- 
day, March 5, to get them set up. 

Dr. H. H. Hilton introduced the guest 
speaker, D. R. Pearl, of Hamilton Stand- 
ard Division, United Aircraft Corpora- 
tion. Mr. Pearl, a former student at 
the University of Illinois, spoke on 
“Engineering Successful Aircraft Ma- 
chinery.’’ The talk covered some of the 
special requirements and specifications 
that aircraft machinery must meet, an 
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outline of the designing of a hydraulic 
relief valve, and the desirable qualities 
of an engineer. 

Some of the special requirements that 
aircraft machinery must meet were 
typified by those for a_ fuel-contro] 
system. These included extreme tem. 
perature variations, wide range of 
weight flow of fuel, accuracy of meter. 
ing, and large pressure variation, as 
well as the inevitable requirements of 
compactness and light weight. 

The design of a relief valve was given 
as an example of the many problems 
that may arise even from such a prosaic 
item. Mr. Pearl showed how condi- 
tions arising from large pressure varia- 
tions, vibrations, and _ accelerations 
might be overcome. 

He then outlined the qualifications 
an engineer should have. These were 
a solid technical background, good 
judgment, integrity, and perseverance, 
With regard to the last item, Mr. Pearl 
passed along an idea given to his 
graduating class in 1941 by Professor 
Leutwiler. Professor Leutwiler _be- 
lieved that a sound policy for achieving 
success was to give $1.10 worth of ef- 
fort for every dollar one is paid. 


University of Maryland 
George Maggos, Recording Secretary 


On the night of February 9, the IAS 
Student Branch of the University of 
Maryland held its meeting at the Naval 
Ordnance Laboratory at White Oak, 
Md. Professor A. L. Guess, University 
of Maryland, and Hermann H. Kurz- 
weg, Head, Ballistics Laboratory, NOL, 
arranged for an inspection and demon- 
stration tour of the laboratory's super- 
sonic and hypersonic wind tunnels, 
ballistics ranges, and shock-tube wind 
tunnel. 

The laboratory’s function is to pro- 
duce new weapons for the Navy. 
This is accomplished through laborious 
research and testing. Some of the facili- 
ties that are available for testing new 
missile configurations are the inter- 
mittent and continuous wind tunnels. 

To simulate the manner in which pro- 
jectiles revolve as they travel at super- 
sonic speeds, the sting that supports 
the model is equipped with an enclosed 
turbine. The turbine is run by a con 
trolled amount of compressed aif. 
The compressed air flow is inside the 
sting and causes the model to rotate. 

The hypersonic wind tunnel is ca 
pable of reaching Mach 10 by preheating 
the air before it passes through the De- 
Laval nozzle. 

Also viewed by the students was the 
shock-tube wind tunnel. Although its 
running time is only in the microseconds 
range, over 200 Schlieren pictures ca 
be taken by the NACA-developed ultra- 
high-speed camera. This camera is 
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side the NEW illustrated story of Sargent’s 
: organization, methods, and manufac-. 
is turing facilities. 
— Handard of Excellence Since 1920 
ough its 
seconds 
ENGINEERING CORPORATION 
7 “Good will’ is the disposition of the pleased customer 
ed ultra- to return to the place where he has been well treated. 2533 EA ST 5 6TH S TREET 
mera i —U.5. Supreme Court HUNTINGTON PARK, CALIF. 
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said to be capable of taking one mil- 
lion photos per second. 

The final phase of the tour consisted of 
observing a demonstration in the open- 
air ballistics range, over 300 ft. long. 

There is also an enclosed ballistics 
range, capable of simulating pressures 
encountered at various altitudes. 
Thirty-eight cameras are lined up along 
the two ranges for photographing the 
projectiles at various stations along 
the range. 


University of Oklahoma 
Carroll E. Gregg, Secretary 
Chairman Roy A. Campbell presided 


at the February 22 meeting of the Uni- 


Ay 


\ 


to work closely 
with your engineers 


on motor-driven products 


We work so closely with customers 
that some consider our facilities a 


part of their own operations. 


Close cooperation of our staff with 
your purchasing and engineering de- 


versity of Oklahoma Student Branch. 
Fifty-nine members and guests were 
present 

Herman O. Ankenbruck, Senior Aero- 
physics Engineer of Convair, a division 
of General Dynamics Corporation, spoke 
on “Some Problems of High-Speed 
His talk contained these 
relations between groups in the 
aircraft industry; high temperatures as 
a structural problem; directional 
stability and control; dynamic lateral 
stability; and specific problems of high- 
speed airplanes and their solutions. 

Jack E. Hicks, Project Design Engi 
neer in Convair’s Power Plant Design 
Group, attended the meeting with Mr. 
Ankenbruck 


Airplanes 
points: 


Aircraft de-icing 
pump 


partments assures the right motor for 


your product. 


This can mean improved product ap- 
pearance, reduced weight, greater 


compactness and lower costs. 


THE LAMB ELECTRIC COMPANY 


KENT, OHIO 


In Canada: Lamb Electric—Division of 
pany Ltd.—Leaside, Ontario 


Electric 


vorserower MOTORS 


Gear motor for 
slow-speed drive. 


-MAY, 


Allen Dayton and Robert Patchett 
were appointed Co-Chairmen of the 
Activities Committee. Jim Maupin 
was named Chairman of the Refresh- 
ment and Entertainment Comunittee: 
Jerry Mrazek and William Harrington 
volunteered to serve on this committee. 
> Chairman Campbell presided at the 
March 8 meeting of our Branch, 
Twenty-six members and guests were 
present. 

Since this meeting was held for the 
presentation and judging of four stu. 
dent papers, Prof. L. A. Comp, Faculty 
Adviser, started the meeting off by 
introducing the three faculty judges 
who were to select the two winning 
papers that would represent our Branch 
at Fort Worth in April. The judges 
were Prof. Ellis M. Sims, Prof. Fred R. 
Mouck, and Associate Prof. William 
L. Corey. 

The papers and those presenting them 
are: ‘Strain Gage Dynamometer” 
by Kenneth Barnes; ‘‘Matrix Solu- 
tions of Problems of Structures’’ by 
Donald Boulton; ‘‘Effect of Design 
and Position of Tail on Longitudinal 
Control in the Transonic Speed Range” 
by Jerry Mrazek; and ‘‘Construction 
and Analysis of a Subsonic Air Supply 
for Aeronautical Research’’ by Carroll 
Gregg. Messrs. Barnes and Gregg were 
chosen by the judges to represent our 
Branch at the Third Southwestern 
Student Competition. 


University of Tulsa 


Lloyd T. Richardson 
Secretary-Treasurer 


The final meeting of the Tulsa Stu- 
dent Branch of the IAS for 1954 was held 
on December 16. The meeting was 
attended by eleven members and was 
presided over by Don Boyd, Student 
Chairman. The speaker was E. W. 
Garrison, Design Engineer, Air Condi- 
tioning Group, Douglas Aircraft Com- 
pany, Tulsa. Mr. Garrison spoke on 
the cooling problem in modern. arr- 
planes, in particular the RB-66, for 
which he helped design the electronic 
cooling system. Before the meeting 
closed, two films were shown, Exercise 
Test Drop, about the C-124 Globe- 
master, and New Wings fer the Navy, 
a film on the tests of the A4D Skyray. 

Two of our members placed in the 
ASME competitive paper contest. Don 
Funk took first place, winning $39 
worth of books. Gerald Stevens won a 
smaller prize. 
> On January 20-21, seven members 
of the Tulsa Student Branch made a 
field trip to Wichita, Kan., to tour the 
plants of Boeing Airplane Company 
and Beech Aircraft Corporation. Our 
hosts were Jack Duckworth and Jim 
Moore at the Boeing plant and Roy 
Kunz at the Beech plant. 
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> The February 18 meeting of the 
Tulsa Student Branch was attended 
by 16 members, with Don Boyd in 
the chair. Lloyd T. Richardson was 
elected Secretary-Treasurer. After 
being elected, he made a talk on ‘‘How 
to Get Your Job,” based on the SAE 
pamphlet of that title. 

A film entitled Wings of Agriculture, 
describing hazards and safety measures 
connected with crop dusting by air, 
was shown. The members discussed a 
proposed field trip to Douglas Aircraft 
Company, at Tulsa, but no date was 
set. 


University of Washington 


Bud N. Nelson 
Secretary-Treasurer 


James Reverdy Allender, Vice-Chair- 
man, presided at the January 21 meet- 
ing of the University of Washington 
Student Branch. 

Preston E. Dickson, of Beech Aircraft 
Corporation, spoke to 55 members and 
guests on ‘“‘Powered-Model Wind-Tun- 
nel Testing.’’ The talk was of particu- 
lar interest to students working in the 
University’s 8- by 12-ft. 250m.p.h. 
wind tunnel, where Mr. Dickson has 
been conducting power tests for the 
past year. 

Mr. Dickson, who is Group Engi- 
neer for Experimental Aerodynamics 
and Flight Test at Beech Aircraft, 
described the requirements for powered- 
model testing. 

The speaker pointed out that power 
testing for multiengined executive type 
aircraft has become important in the 
postwar vears. There has been a trend 
toward increased horsepower in stand- 
ard production airplanes, with low air 
speed and high asymmetric power 
creating a real directional control 
problem. 

The actual testing can be done by 
either of two types of power settings, 


constant power or constant thrust coef- 
ficient, depending upon the particular 
wind tunnel. A small-diameter motor, 
to fit today’s small nacelles, is required 
for the reproduction of scale power. 
Mr. Dickson said that recent tests 
with a 1/6-scale model employed four 
pole a.c. motors measuring 2!/» in. in 
diameter and 8 in. long and producing 
20 hp. at 12,000 r.p.m. 

Other requirements necessary to ob- 
tain similitude of model and full-scale 
aircraft are reproduction of full-scale 
thrust coefficient, propeller efficiency, 
and torque coefficient. Also important 
are the selection of the propeller-blade 
angle for full-scale advance ratio and 
keeping the propeller configuration to 
scale. 

Mr. Dickson described his solutions 
to these problems, using cross plots of 
full-scale and model 
curves. 


characteristic 


West Virginia University 


Thomas G. Gainer 
Corresponding Secretary 


At a business meeting of this Student 
Branch, the following officers were 
elected: Benjamin D. Grove, Chair- 
man; James Heavner, Vice-Chairman; 
D. Richard Walters, Secretary-Treas- 
urer; Thomas G. Gainer, Correspond- 
ing Secretary; Ronald Curry, Program 
Chairman. Professor Leon Z. Seltzer 
will continue as Faculty Adviser and 
Honorary Chairman of the Branch. 

Professor Seltzer discussed ‘plans for 
the Southeastern Regional Conference 
to be held at Virginia Polytechnic In- 
stitute on April 7, 8, and 9. Professor 
Seltzer is to be the featured speaker at 
the April 8 session. 

Samples of prize-winning papers from 
last year’s regional competition were 
displayed at this meeting of the Branch. 

At the conclusion of business, the film, 
The F-86E Sabre Jet, was shown. 


Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the REVIEW. 


Transferred to Associate Fellow Grade 


Arnold, J. Elwood, M.S. in M.E., Mgr., 
Convair, Daingerfield, a Div. of General 
Dynamics Corp. 


Baird, Eugene F., M.S.M.E., Chief 
Flutter & Vibrations Engr., Grumman Air- 
craft Engineering Corp. 


Burgess, Neil, M.S.E.E., Mgr.—J 79 
Proj., Jet Engine Dept., AGT Div., Gen- 
eral Electric Co. (Cincinnati). 

Glass, Irvine I., Ph.D., Asst. Prof. of 
Aero. Engrg. & Research Assoc. in Aero- 
physics, Inst. of Aerophysics & Dept. of 
Aero. Engrg., Univ. of Toronto. 


Lawrence, William C., B.S. in Ae.E., 
Asst. V-P—Engrg., Overhaul & Supply 
Depot, American Airlines, Inc. (Tulsa). 

Sweet, Floyd J., B.S. in Ae.E., Lt. Col., 
USAF; Asst. Executive Secretary, Scien- 
tific Advisory Board, Office, Chief of 
Staff, Hq. USAF. 

Towner, George F., B.S. in M.E., Proj. 
Megr., Bomber Defense Systems, Air Arm 
Div., Westinghouse Electric Corp. (Balti- 
more). 


Elected to MEMBER Grade 


Bentley, Richard M., B.E. (Cum 
Laude), Aeronautical Engineer—Electron- 
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ics, Guided Missiles, Hughes Airerg 
Company. 
Bevan, Fred T., Design Engr. ‘‘A) 
Lockheed Aircraft Corp. (Burbank). 
Brown, James D., B.S., Field Instal 
tion Engr., United Aircraft Service Com 
Eggert, Arthur E., M.S., Service Engr 
Minneapolis-Honeywell Regulator Co. 
Frailey, Jack H., A.E., Proj. Dir.—R 
search, Flight Control Lab., M.I.T. 
Graziano, William D., M.S. (Aero, 
Struct. Engr., North American Aviation 
Inc. (Los Angeles). 


Hall, William H., M.E., Dir.—Desigq) 
Engrg., Maintenance & Engrg. Dept, 
American Airlines, Inc. 

Jarmie, Louis, Supvr.—Engrg. Publica 
tions, Frank Mayer Engineering Co. 

Johnston, J. Ford, B.S. in M.E., Groupl 
Engr.—Flight Dynamics, Lockheed Air 
craft Corp. (Burbank). 

Lange, Donald E., B.S. in M.E., Tes 
Pilot, Flight Research Dept., Spe 
Gyroscope Co. 

Laufer, Max M., Chief Surveyor, Air 
worthiness Authority, Ministry of Tran 
port & Comm. Dept. of Civil Aviationj 
Govt. of Israel. 

LeVine, Joe W., B. of Ae.E., Sr. Strue 
tures Engr., Convair, San Diego, a Div 
of General Dynamics Corp. 

Lucas, Robert W., Operations Chief, 
NAI Wind Tunnel, Northrop Aircraft, 
Inc. 

Mapp, Robert, B.S., Asst. Chief, Engrg, 
Dept., Evaluation Branch, Directorate of 
Flight & All-Weather Testing, U.S. Govt, 
Dept. of Defense, WCTEE, Wright-Pat- 
terson AFB. 

Nisley, John D., Supvr., Power Plant 
Sect., Engrg. Dept., Aircraft Div., Hughes 
Tool Co. 

North, Gilbert B., B.S. in Ae.E., Test 
Pilot, McDonnell Aircraft Corp. 

Paintin, Thomas E., B.S.E.E., Lah 
Analyst ‘‘A,’’ Douglas Aircraft Co., Ing 
(Santa Monica). 

Reissig, Robert R., Administratiy 
Engr., Guided Missiles Div., Republi 
Aviation Corp. : 

Rosengren, S. N., B. of Ae.E., D 
sign Coordinator, Fairchild Aircraft Diva 
Fairchild Engine & Airplane Corp. 

Spearman, William E., B.S. in Tech, 
Asst. to Asst. V-P, Overhaul & Suppl 
Depot, American Airlines, Inc. (Tulsa). 4 

Travers, William R., Mgr.—Devell 
Dept., Marketing, General Electric Co 
(Cincinnati). 

Volk, Joseph A., Ph.D. (Geophysics): 
Elect. Engr., Dir.—Research, The Greet 
leaf Mfg. Co. 

Wallis, John W., B.S.Ae.E., Staff Assty 
Military Relations Dept., Northrop 
craft, Inc. 

Young, Charles E., M.S., Assoc. Req 
search Physicist, Cornell Aeronautical 
Lab., Inc. 


Transferred to MEMBER Grade 


Baylor, Robert N., B.S. in Ae.E., Stres 3 
Analyst ‘‘A,”’ Temco Aircraft Corp. 
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a The time, place and vehicle remain classified—Westinghouse 


turbojet engines have flown faster than any turbojet engine in 
(Aero) the world. 


viation) 
Such record-making comes from more than a decade of Westing- 


Desiga house experience in the design and construction of axial-flow 

“" turbojets. And this experience is constantly at work producing 

Publicas new applications, new ratings, new efficiencies—for use in 


-O. 


missiles, fighters and bombers. 


., Group 

ed Airs You are urged to take advantage of this experience—and 
— the research, development and production facilities behind it. 
‘Soa Whatever your airframe or weapons system application may 


be, let Westinghouse help you bring tomorrow’s aircraft... 
on One Step Closer. 


viatieg Aviation Gas Turbine Division, P. O. Box 288, Kansas City, Mo. 


r. Struc J-91023 
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.E., Test 

E., Lab 

Co., Inc ““FASTER THAN YOU THINK” jis the title of a new movie about the 
Westinghouse family of turbojets. It presents features of Westinghouse 

nistra tive” engines which have set records for speed, endurance and availability. This 


Rea includes scenes of the XF4D-1, world’s record holder; and the J34 turbojet, 


.E., D having best specific fuel consumption in thrust and weight class. If you’d like 
raft Diva! to see the 17-minute film, check with your Westinghouse AGT representative. 
p. 
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MALLORY: SHARON reports on 
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a 
a 


U. S. production of titanium 
sponge (refined metal before 
melting into usable form). 


5200 TONS 


1953 


1954 


1955 


SURPLUS in the midst of shortage ? 


@ Despite the zooming curve of total titanium production, 
military planners set the need at 10 to 20 times today’s 
availability. Yet, current demand for the new metal is 
temporarily short of current output. 


This paradox results from the reluctance of major aircraft 
companies to design for full usage of titanium until they 
can be absolutely sure requirements can be met when new 
designs reach the production lines. Mallory-Sharon, one of 
the leading producers of today’s output of titanium and 
titanium alloys, is attacking the situation in these ways: 


@ We are increasing production rapidly, and are now 
completing an expansion which doubles our capacity. 


@ Our ‘Method S” vacuum double melting, whereby 
each ingot is melted twice to improve uniformity, is 
becoming standard practice in the industry. More re- 
cent developments now in production are the first 
titanium alloys which can be welded and heat treated. 


@ As in the past, our delivery promises are conservative 


and dependable. 


For applications of this lightweight, corrosion-resistant 
metal, use our experience. Mallory-Sharon Titanium Cor- 


poration, Niles, Ohio. 


MALLORY 


SHARON 
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Brown, Wilbur W., B.S. in Ae.E., g 
Struct. Engr., Convair, Ft. Worth, a Diy 
of General Dynamics Corp 


Campbell, Francis W., BS.E.E., 
Col., USAF; Asst. Guided Missiles Chie 
Fire Control Branch, Armament Diy 
AFMME, DCS/M, Hq. USAF (Penta. 
gon). 

Hillel, Arie, B.Sc., Head, Proj. Sect 
Engrg. Dept., Israel Defence 
Force. 

Kuchar, Charles E., M.S. in Ac.E., B-% 
Performance Group Lead Engr., Convair 
Ft. Worth, a Div. of General Dynamic 
Corp. 

Lowe, Harold W., B.S. in Ac.E., Aero. 
dynamics Engr., Temco Aircraft Corp. 

Mabry, Irvin C., B.S. in Aec.E., Asst 
Proj. Engr., Reaction Motors, Inc 

Mauersberg, Jack D., B.S.M., Re 
search Assoc., The Ohio State Univ. Re 
search Foundation. 


Forces Air 


Murphree, William D., M.S. in Engrg 
Aero. Research Engr., Flight & Aerody 
namics Lab., Research Div., 
Missile Labs., Redstone Arsenal 

Schoenberg, Charles M., MSE, 
(Aero.), Aerodynamicist, Douglas Air. 
craft Co., Inc. (Santa Monica 

Schrier, Jack, B. of Ae.E., Mgr., Special 
Products Sale, Avien, Inc 

Seide, Paul, Ph.D Engr. Mech. 
Technical Staff, Ramo-Wooldridge Corp 

Shutte, Robert H., M.S. in AeE, 
Aerodynamicist, Douglas Aircraft Co, 
Inc. (Santa Monica) 


Ordnance 


Stinson, William H., B.S. in AeE, 
Engrg. Test Pilot, Cessna Aircraft Co 


Elected to Associate Member Grade 


Ashworth, J. Edward, Dayton Rep, 
Lycoming Division, AVCO Mfg. Corp. 
Denning, Vaughn E., B.S.M.E., Capt. 
USAF; Research & Development Staff 
Officer, Hq. USAF (Washington, D.C.). 


Elected to Techncial Member Grade 


Barclay, John H., B. of Ind. Training, 
Asst. Administrative Engr., Chicago Aerial 
Industry, Inc. 

Kuntzel, K. O., CE (MED), Design 
Engr., SAAB Aircraft Co. (Sweden). 

Preble, Robert E., Departmental Asst., 
Ryan Aeronautical Co 

Smith, Frank T., M.S., Aerodynamicist, 
Missile Systems Div., Lockheed Aircraft 
Corp. (Van Nuys). 

Stephens, Robert W., B.S. Acro., Flight 
Test Supvr. (XT-37), Cessna Aircraft Co. 

Stuart, Jack M., B.S.M.E., Jr. Design 
Engr., Chance Vought Aircraft, Ine. 
(Dallas). 

Tapper, Charles E., Jr., B.Sc.ME; 
Assoc. Research Engr., Boeing Airplane 
Co. (Seattle). 

Veltre, Gerald J., Engrg. Designer, Air 
borne Accessories Corp. 

Wood, Edward R., B.C.E., 
Civil Engrg. Dept., Yale Univ 


Instructor, 


Zimay, Donald R., Jr. Engr., Aero Phys 
ics Div., Cook Research Labs 


Transfe 
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Transferred to Technical Member 
Grade 


Abarbanel, Saul S., Graduate Student 
(Research Asst.), M.I.T. 

Ariano, Don, Sr. Draftsman, Cook Re- 
search Labs. 

Birdwell, Carl, Jr., B.S. in Ae.E., Lt., 
USN; Naval Aviator; Graduate Student, 

Birrer, Lloyd G., Jr., B.S., Engr.— De- 
signer ‘‘A,”’ Interstate Engineering Co. 

Blalock, Dana L., B.S. in Ae.E., Pvt., 
USA; Asst. Proj. Engr., 9203 TU TC 
TRAD Com. (Ft. Eustice). 

Bodner, Robert E., B.S., Lt., USAF; 
Student Pilot, Class 56-I (Stallings AFB). 

Boenig, Fred H., B.S.M. (Aero.), 2nd 
Lt. USAF; Aircraft Maintenance Officer 
(Goodfellow AFB). 

Bower, John W., Engr., Propulsion 
Center, North Americar Aviation, Inc. 
Los Angeles). 

Bowyer, James M., Jr., M.S. 

Brown, Robert M., B.S. in Ae.E., Lt., 
USAF. 

Bryan, L. Glyn, B.A., 2nd Lt. & Flight 
Trainee, USAF. 

Ciccone, Joseph John, Design Engr., 
Grumman Aircraft Engineering Corp. 

Coffman, Harold V., B.S. in Ae.F., 
Assoc. Engr., The Glenn L. Martin Co. 
Dees, Marion J., B. of Ae.E., Assoc. 
A/C Engineer, Stress Group, Lockheed 
Aircraft Corp. (Marietta). 

Doss, Robert F., B.S. in Ae.E., Lt., 
USN; Naval Aviator. 

Duffin, John D., S.B. in Ae.E., Jr. Engr., 
North American Aviation, Inc. 
Angeles). 

Eliot, Donner C., Stress Engr., Century 
Engineers, Inc. 

Groover, T. G., B.S., Ens., USN (Air 
Arm); Student Pilot, NAATC, NAS, 
Corpus Christi). 

Hall, Jimmie Ralph, B.Sc., 2nd Lt., 
USAF. 

Harper, David C., Aviation 
Mech., NAS (Jacksonville ). 

Harris, Ivan E., Jr., B.S., Flight Test 
Analyst, Douglas Aircraft Co., Inc. (Santa 
Monica). 

Hayden, James S., B.S., Graduate 
Student (Research Asst.), Aerophysics 
Dept., Mississippi State College. 

Howes, E. David, Jr., S.B. in Ae.E. 
Johns, Stanley A., B. of Ae.E., Vibra- 
tion Test Engr., Hq. & Hq. Det. 9330 TU 
(Redstone Arsenal). 

Johnson, John N., B.S., Proj. Engr., 
Flight Development Test Branch, Ed- 
wards AFB. 


(Los 


Struct. 


IAS NEWS 


Kerth, Robert F., Service Engr., North- 
rop Aircraft, Inc. 

Koch, Frank, II, B.S., Research En- 
gineer, Grumman Aircraft Engineering 
Corp. 

Laughlin, J. F., Instrumentation Design 
Engr., North American Aviation, Inc. 
(Downey). 

Little, Frank K., M.S.E. (Aero.), Engr. 

Aerodynamics, North American Avia- 
tion, Inc. (Columbus). 

Loewen, Jack K., B.S. in Ae.E., Lt., 
USAF; Pilot Trainee, Bartow AFB. 

Lombardo, Edward J., Structural Engr., 
Grumman Aircraft Engineering Corp. 

Marcy, William L., B.S. Engrg., Aero. 
Research Scientist, H.S.F.S. NACA (Ed- 
wards AFB). 

Martinicic, Paul W., B.S.A.E., De- 
signer, Goodyear Aviation Corp. 

Mascolo, Wolfred D., B.S., Engr. 
Stress Analyst, Grumman Aircraft Engi- 
neering Corp. 

McBride, Jimmy, B.S. in Ae.E., Struct. 
Engr., Convair, Ft. Worth, a Div. of 
General Dynamics Corp. 

McCabe, Warren L., B.S.E. in Ae.E., 
l)ynamics Engr., Bell Aircraft Corp. 

McCaughey, Owen J., B.S.M.E., Aero- 


dynamicist “A,’’ Propulsion Research 
Corp. 

Morgan, William H., B.S. in Ae.E., 
Assoc. A/C Engr., Lockheed Aircraft 


Corp. (Marietta). 


Muth, Edgar, B.A.E., Jr. Engr.—Aero- 
dynamics, North American Aviation, Inc. 
(Los Angeles). 

Nark, Theodore C., Jr., B.S. in Aero., 
Jr. Engr., Douglas Aircraft Co. (El 
Segundo). 

Norris, George W., Capt., USAF; Pro- 
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Schwarz, Eddie J., B.S., Graduate Stu- 
dent, M.I.T. 
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MATS SERVICE TEST PROGRAM 
BOOSTS TURBO-PROP 


IRStT Turbo-Prop powered aircraft delivered to a 
F U.S.A.F. operating unit are rapidly accumulating 
time and experience with the Military Air Transport 
Service. Assigned to the newly established 1700th Test 
Squadron at Kelly AFB two Convair YC-131C airplanes 
spend hours in the air over San Antonio, Texas and en 
route to MATS bases on east and west coasts. 


The twin-engined aircraft are powered by Allison YT56 
Turbo-Prop engines and Aeroproducts propellers. 


With flight records of 10’ hours on one aircraft in a 
single day, the crack pilots and ground crews of the 
1700th are rapidly becoming aviation’s most enthusiastic 
boosters for Turbo-Prop power. 


This Air Force flight testing carries forward a Turbo- 
Prop flight test and evaluation program begun almost 
five years ago when Allison began flying another Convair 
passenger-type airplane powered by earlier model T38 
engines. This airplane has also been used extensively for 
demonstration purposes and has made more than 600 
flights, carrying approximately 3600 passengers. 


To date, Allison Turbo-Prop engines have powered in 
flight 21 aircraft of 9 different types—all independent of 


AMERICAN T FOR 


POWER 


any other power. This is more experience with Turbo- 
Props than the total for all other U.S. Turbo-Prop 
engines. 

It is superb background for introduction to commercial 
service of the new Allison Model 501 Turbo-Prop engine. 
The T56, its military counterpart, will have accumulated 
two years of production and operating experience prior 
to commercial availability for regularly scheduled pas- 
senger service. 

These new Allison Turbo-Props, for both military and 
commercial use, reflect the knowledge Allison has gained 
in designing and building gas turbine engines that have 
flown more than five-and-one-half million hours. These 
engines are daily flying the equivalent of one hundred 
trips around the world—experience where it counts most 
—in the air. 


ALLISON DIVISION OF GENERAL MOTORS — Indianapolis, Indiana 


TURBO-PROP ENGINES 
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Aeronautical Reviews 


A Guide to the Current Literature of 
Aeronautical Research and Engineering 


Il. PERIODICALS AND REPORTS 


Aerodynamics. . . 154 Semiconductors 


172 Mathematics... .. 184 
Boundary Layer & Thermoaerody- Teeny... 172 Meteorology...... 
namics 154 Transmission Lines. 172 Military Aviation & Armament 
Control Surfaces....... 154 Wave Propagation. . 176 Missiles 184 
Flow........... 156 Hydraulic & Preumetic. . 176 Noise Reduction............ 
Stability & Control....... 157 Flight Operating Problems Photography...... 
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Airplane Design. . 160 Weather & Climate... 178 Reciprocating.......... .. TS 
Cockpits 160 Fuels & Lubricants..... 178 tsieliatiies 
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Control Systems 160 Metalworking....... 187 
Air Transportation... .. 160 Ice Formation & Prevention a 178 Production Engineering . 188 
Aviation Medicine...... 160 Instruments. . 180 188 
Education & Training. . 166 Flight Instruments. . . . 180 Propellers........ . 190 
Electronics...... , 166 Flow Measuring Devices. 180 Reference Works. oe 190 
Amplifiers. ..... 166 Gyroscopes. . -- 180 Rotating Wing Aircraft .. 190 
Antennas..... 166 Pressure Measuring Devices 180 Safety. . 190 
& Components 167 Devices. . Space Travel..... 190 
ommunications tructures. ; 
Techniques... 167 Elements & Rod. 190 
Delay Lines. .... . 167 earings... eams & Columns... . 190 
Dielectrics... ... 167 Fastenings. . 180 Connections. . . 1992 
Electronic Controls... ... 167 Friction. 180 Cylinders & Shells. . . 
Electronic Tubes. 167 Gears & Cams. ..... 180 Elasticity & 192 
Magnetic Devices. . 170 Mechanisms & Linkages. . 182 Platess.2. 194 
Measurements & Testing 171 Rotating Discs & Shafts.......... 182 Log Spe dcde 194 
Navigation Aids....... 171 Materials ads... 194 
Networks... .. ; 172 Corrosion & Protective Coatings. 182 Thermodynamics... .. 
Noise & Interference... 172 Metals & Alloys. . 182 Combustion. 194 
Oscillators & Signal Generators 172 Nonmetallic Materials. . 183 Heat Transfer. . . 194 
Power Supplies. 172 Testing. . 183 Wind Tunnels & Research Facilities... 196 


ll. BOOKS REVIEWED IN THIS ISSUE 


Books, reports, and periodicals reviewed in this issue or in pre- 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not members of the Institute may borrow books and, in spe- 
cial cases, other research material. Members of the IAS may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 

Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.35 to members and Corporate Mem- 
bers ($0.45 to nonmembers) for each 8'/2- by 11-in. print and 


$0.40 to members and Corporate Members ($0.50 to nonmembers) 
for each 11!/2- by 14-in. print, plus postage. A minimum charge 
of $1.00 is made to nonmembers of the IAS. Reference citations 
in the Aeronautical Reviews Section give the total number of 
pages for report and booklet materials; only the beginning page 
is given for periodical articles. 


Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Translations of technical literature from for- 
eign languages may be obtained at $15 to $20 per 1,000 words, 
depending on the language. 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, 2 East 64th St., New York 21, N.Y. 
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Aerodynamics 


Flight Measurements of the Velocity 
Distribution and Persistence of the Trailing 
Vortices of an Airplane. Christopher C. 
Kraft, Jr. U.S.,. NACA TN 3377, Mar., 
1955. 32 pp. 

Published Reports and Memoranda of 
the Aeronautical Research Council. Gt. 
Brit., ARC R&M 2550, 1954. 8 pp. 90 
refs. BIS, New York. $0.65. Covers 
R&M 2451—2550. 


Boundary Layer & Thermoaerodynamics 


Elementarer Beweis fiir die Eindeuti- 
gkeit der Strémung in der laminaren 
Grenzschicht zur Potentialstrémung U = 
u, x” mit m =O bei Absaugen und Aus- 
blasen. Rudolf Iglisch. ZAMM, Dec., 
1954, pp. 441-454. In German. Analy- 
sis for the case of an infinitely extended 
wedge-shaped body with a certain flare 
angle in potential flow round the wedge, 
taking into account boundary conditions 
for the determination of the corresponding 
flow in the laminar boundary laver. 

The Problem of Diffusion into a Turbu- 
lent Boundary Layer from a Plane Area 
Source, Bounded by Two Straight Per- 
pendicular Edges. D.R. Davies. Quart. 
J. Mech. & Appl. Math., Dec., 1954, pp. 
468-471. 

Free-Flight Measurements of Skin 
Friction of Turbulent Boundary Layer 
with High Rates of Heat Transfer at High 
Supersonic Speeds. Simon C. Sommer 
and Barbara J. Short. JAS 23rd An- 
nual Meeting, New York, Jan. 24-27, 19355, 
Preprint 518. 13 pp. 17 refs. Mem- 
bers, $0.50; nonmembers, $0.85. 

Free-Flight Measurements of Turbu- 
lent-Boundary-Layer Skin Friction in the 
Presence of Severe Aerodynamic Heating 
at Mach Numbers from 2.8 to 7.0. Simon 
C. Sommer and Barbara J. Short. U.S., 
NACA TN 3391, Mar., 1955. 47 pp. 25 
refs. 

Similar Solutions for the Compressible 
Laminar Boundary Layer with Heat Trans- 
fer and Pressure Gradient. Clarence B. 


Cohen and Eli Reshotko. U.S., NACA 
TN 3325, Feb., 1955. 67 pp. 25 refs. 
Some Considerations on Turbulent 


Flow with Shear. I, II. J. M. Burgers. 
Netherlands, Koninklijke Nederlandse Aka- 
demie van Wetenschappen, Proc. Ser. B, 
No. 2, 1953, pp. 125-147. Reprint. Ex- 
perimental study of the relative frequency 
of patterns of turbulence of various scales 
at different distances from the wall in a 
turbulent boundary layer. 

Turbulent - Heat - Transfer Measure- 
ments at a Mach Number of 2.06. Mau- 
rice J. Brevoort and Bernard Rashis. 
U.S., NACA TN 3374, Mar., 1955. 20 
pp. Theoretical and experimental in- 
vestigation providing essentially flat- 
plate results free from wall interference for 
a Reynolds Number range of 1.7 & 10* to 
8.8 X 10’. 


Control Surfaces 


Lift on a Bent, Flat Plate. KF. Keune. 
(Bericht, Aero. Versuchsanstalt, Gottingen, 
Luftfahrtforschung, Mar. 20, 1936, pp. 
85-87.) U.S., NACA TM 1340, Feb., 
1955. 15 pp. Translation. Use of a 
conformal mapping method for direct de- 
termination of the angle of zero lift, lift 
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coefficient, and lift-curve slope for any flap- 
chord ratio, flap-deflection angle, and 
angle of attack. 

A Method for Predicting Lift Effective- 
ness of Spoilers at Subsonic Speeds. 
Arthur L. Jones, Owen P. Lamb, and AIl- 
fred E. Cronk. IAS 23rd Annual Meet- 
ing, New York, Jan. 24-27, 1955, Pre- 
print 510. 11° pp. $0.35; 
nonmembers, $0.75. 


Members, 


Fluid Mechanics & Aerodynamic Theory 


Fluid Dynamic Effects at Speeds from 
M 11 to 15. Seymour M. Bogdonoff and 
Andrew G. Hammitt. JAS 23rd Annual 
Meeting, Los Angeles, Jan. 24-27, 1955, 
Preprint 525. 19 pp. 17 refs. Mem- 
bers, $0.50; nonmembers, $0.85. In- 
vestigation in a helium hypersonic wind 
tunnel at speeds up to Mach Number 15 of 
the phenomena of viscous-inviscid in- 
teractional effects over the fore part of a 
flat plate, two wedges, and a cone, with 
schlieren and interferometric analyses and 
calculations of the pressure distributions 

Hydrodynamical Equations for the 
Motion of Bodies of Revolution in Non- 
Viscous Rotating Liquid. S. D. Nigam 
and P. P. Chatterji. Quart. J. Mech. © 
A ppl. Math., Dec., 1954, pp. 458-461. 

On Homogeneous Non-Isotropic Tur- 
bulence Connected with a Mean Motion 
Having a Constant Velocity Gradient. I. 
J. M. Burgers and M. Mitchner. Nether- 
lands, Koninklijke Nederlandse Akademie 
van Wetenschappen, Proc. Ser. B, No. 3, 
1953, pp. 228-235. Reprint. 

On the Coalescence of Wave like Solu- 
tions of a Simple Non-linear Partial Dif- 
ferential Equation. I, II. J. M. Burgers 
Netherlands, Koninklijke Nederlandse Aka- 


demie van Wetenschappen, Proc. Ser. B, 
No. 1, 1954, pp. 45-72. Reprint. An- 


alysis in terms of the illustrative shock- 
wave problem in gas dynamics. 

On the Effects of Uniform Suction on 
the Steady Flow Due to a Rotating Disk. 
J. T. Stuart. Quart. J. Mech. & Apbdl 
Math., Dec., 1954, pp. 446-457. 

On the Propagation of Shock Waves in 
Regions of Non-Uniform Density. C. W. 
Jones. Proc. Royal Soc. (London), Ser. A, 
Feb. 15, 1955, pp. 82-99. 12 refs. Simi- 
larity solution for plane progressive waves 
with constant energy headed by strong 
shocks in a gas. 

Some Heat and Mass Transfer Experi- 
ments on Humid Air in Turbulent Flow 
Over a Plane Containing an Isolated 
Cooled Region. B. N. Furber. [ME 
Proc., No. 35, 1954, pp. 847-860. 14 
refs. 

The Two-Dimensional Motion of a 
Supersonic Gas Flow. Th. Meyer. (Mit- 
teil. Forscharb. Gebiet Ing., Berlin, No. 62, 
1908, pp. 31-67.) Gt. Brit., MOS TIB 
T4390, Nov., 1954. 39 pp. Theoretical 
and experimental study for cases of flow 
round a convex corner where expansion 
takes place in a wedge-shaped region and 
round a concave corner where a compres- 
sion shock occurs, with an analysis of the 
transition from subsonic to supersonic 
velocity based on a flow with linear ac- 
celeration at the axis of symmetry. 

Unsteady Oblique Interaction of a 
Shock Wave with a Plane Disturbance. 
Franklin K. Moore. (U.S., NACA TN 
2879, 1953.) U.S., NACA Rep. 1165, 
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1954. 21 pp. 
$0.25. 

Axially Symmetric Shapes with Mini. 
mum Wave Drag. Max. A. Heaslet ani 
Franklyn B. Fuller. U.S., NACA Ty 
3389, Feb., 1955. 46 pp. 20 refs. Deri. 
vation of optimum design for bodies g 
revolution based on a quasi-cylindricg 
theoretical method applying boundan 
conditions on the surface of a cylinder t 
solve variational problems which are fo, 
mulated from a reciprocity relation for th 
axial flow in terms of the drag formyk 
involving geometry. 

Base Pressure Studies in Rarefie 
Supersonic Flows. L.L. Kavanau. 


Supt. of 


Doc., Wash 


23rd Annual Meeting, New York, Jay 
24-27, 1955, Preprint 529. 31 pp. % 
refs. Members, $0.65; nonmembers 
$1.00. Theoretical and experiment, 


wind-tunnel investigation using a cone 
cylinder model to simulate a blunt-base; 
body of revolution in the rarefied atmos 
pheres of high altitudes. 

Experiments on Supersonic Flow Over 
Flat-Nosed Circular Cylinders at Yay, 
II—Pressure Measurements on a Cylinder 
at 10° Yaw. I. M. Hall. Philos. My 
(7th Ser.), Jan., 1955, pp. 58-60. In. 
vestigation utilizing surface pressure dis. 
tributions at the U. of Manchester Fluid 
Motion Lab. 

Experiments on Supersonic Flow Past 
Bodies of Revolution with Annular Gaps of 
Rectangular Section. N.H. Johannesen 
Philos. Mag. (7th Ser.), Jan., 1955, pp 
31-39. Schlieren studies in the U. of 
Manchester Fluid Motion Lab. taking into 
account flows in dead-air regions. 

Minimum-Drag Bodies of Revolution in 
a Nonuniform Supersonic Flow Field. 
Conrad Rennemann, Jr. U.S., NACA T\ 
3369, Feb., 1955. 25 pp. Derivation on 
the basis of linearized theory of a general 
expression for the cross-sectional area 
distribution of an optimum body of given 
volume and length. 

A Study of the Flow About Simple 
Bodies at Mach Numbers from 11 to 15 
A. G. Hammitt and S. M. Bogdonoff 
USAF WADC TR-54-257, Oct., 1954. 


56 pp. 28 refs. Theoretical and experi- 
mental investigation in the Princeton 
Helium Wind Tunnel of the  viscous- 


inviscid interaction phenomena using a 
flat plate, 5° and 10° wedges, and a 10° 
cone model, taking into account the strong 
shocks near the leading edge. 
Two-Dimensional Flow of a Compres- 
sible Fluid Past Given Curved Obstacles 


with Infinite Wakes. L. C. Woods 
Proc. Royal Soc. (London), Ser. A, Jan 
20, 1955, pp. 367-386. 11 refs. Exten- 


sion of the Helmholtz theory of incompres- 
sible flow about obstacles behind which are 
constant-pressure cavities of infinite ex- 
tent. 

Uber die Temperaturverteilung hinter 
angestrémten Zylindern. J.  Ackeret 
ETH Inst. fiir Aerodynamik (Zurich), 
Mitteilungen 21, 1954, pp. 5-17. In Ger- 
man. On the temperature distribution 
behind cylinders. 

A Vortical Singularity in Conical Flow. 
M. Holt. Quart. J. Mech. & Appl. Math, 
Dec., 1954, pp. 438-445. Analysis of the 


singular line of Ferri in supersonic flow 
past a yawed cone. 

Water Waves Generated by Oscillating 
Quart. J. 


Bodies. F. Ursell. Mech. 
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Loox.....ro Irangitron 


SILICON RECTIFIERS AND DIODES 
designed for specific applications 


SILICON POWER RECTIFIBRS 


Specifications and Ratings at 125°C 


Rated for 125°C operation, POWER SUPPLY TYPES MAGNETIC AMPLIFIER TYPES 
provide high power handling LN. ¢ AV. 

ability and reliability at high TYPE | (volts) (ma) TYPE | (volts) (ma) 
temperature. They are specif- N34} 409 400 1N332 400 400 
for 1N348 700 400 | 1N336 500 400 
a ee 1N347 | 100 | 1000 | 1N338 | 100 | 1000 
applications. Send for Bulle- 

tin TE-1321. * Peak Recurrent Inverse Voltage at full load 


** Maximum Average Forward Current at full load 


Types with ratings up to 10 amperes at 125°C also available. ACTUAL 


SILICON JUNCTION DIODES 


SIZE 


Forward Inverse Current Maximum 
Transitron’s silicon junction ~~ at Specified Voltage 
diodes are characterized by TYPE Voltage (ua) (volts) 
superior forward conductance at 25°C at 125°C 
and reliable operation up to 1N137A 3 03 at 20V = 36 
150°C. They are specifically 1N138A 5 01 at 10V _ 18 
designed for applications re- 1N137B 20 03 at 20V 5 at 20V 36 
quiring extremely High | | | 
inv i i 03 a a 
inverse resistance at high 1N351 8 | 03atiov | Satioov | 120 
temperatures. Send for Bulle 1N352 5 05 
tin TE-1322, 05 at 150V | 10ati50v | 170 
1N353 3 .10 at 200V 20 at 200V 225 
1N354 1 -10 at 300V 20 at 300V 325 ACTUA L 
: SILICON BONDED DIODES 
Forward Inverse Current Inverse 
Current at at Specified Breakdown 
4 TYPE (ma) Voltage (ua) Voltage 
signed for high frequency SA i Tat 10V 15 
and very fast switching ap- 55 1 Lat 10V 20 
plications at high tempera- 56 4 '5 at 5V 10 
tures. They are particularly 57 D ‘Lat 10V 20 
useful in detector, discrimi- 58 1 Lat 10V 10 
nator and pulse circuitry. 
Send for Bulletin TE-1308. Operating frequency range 0-500 me. Average Shunt Capacitance 0.8 uufd porn 
SIZE 


Transitron’s special engineering group is available to 
assist you with specific applications. Inquiries concern- 
ing your particular design problems are invited. 


Trangitron electronic corporation ¢ melrose 76, massachusetts , 


Glass Diodes Silicon Diodes Germanium Diodes Transistors - Silicon Rectifiers 


| 
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Check 
FLEXONICS 


for any of these components 


FLEXON DUCTING, stand- 
ard or high strength corro- 
sion resistant, is available 
in varying wall thickness 
and in a complete range of 
sizes, with or without insu- 
lation. Elbow forming and 
rib reinforced types can 
also be supplied. 


FLEXON METAL HOSE, 
corrosion resistant, is man- 
ufactured in the broadest 
varieties of sizes and types 
for all aircraft applications. 


FLEXON BELLOWS are 
made in an almost unlimited 
range of sizes and types to 
meet the most advanced re- 
quirements. 


Fiexon identifies 
products of Flexonics 
Corporation that 
have served industry 
tor over 53 years. 


FORMERLY CHICAGO METAL HOSE CORPORATION 


Manufacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 
In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


@ For ducting requirements where weight is 
the critical factor, Flexonics Corporation 
now offers straight wall ducting and convo- 
luted members in 19-9p.. The availability of 
this material in thin gages offers exceptional 
opportunities for weight reductions in as- 
semblies of this type. 

The use of 19-9pL makes possible handling 
higher temperatures and pressures with 
thinner walis in assemblies of lighter weight. 
For example, the primary carrier of the heat 
exchanger line sketched above is designed to 
handle 205 psig at 820° F. Fabricated from 
Type 321 stainless it weighs 1.33 pounds. 
Fabricated from 19-9p1 for the same temper- 
ature and pressure conditions and the same 
safety factors, it weighs only 0.92 pounds, a 
weight saving of 31%! 

Can equal weight savings be realized in 
your designs? Why not let the experience 
and know-how of Flexonics Corporation in 
the design and fabrication of ducting systems 
and components work for you? Extensive 
research and development work with 19-9pL 
indicates its adaptability to many of your 
present and future requirements. We will be 
pleased to have the opportunity to go over 
your ducting requirements with you and 
make recommendations as to their adapta- 
bility to 19-9p-. 
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1309 S. THIRD AVENUE @ MAYWOOD, ILLINOIS 
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Appl. Math., Dec., 1954, pp. 427-437 
12 refs. Analysis for the case of a two 
dimensional wave motion in an ideal flyjg 
under gravity by an infinitely long cylinde, 
with horizontal generators 
vertically with constant 
small amplitude. 


oscillating 
frequency an 


Internal Flow 


An Accurate and Rapid Method for the 
Design of Supersonic Nozzles. Ivan k 
Beckwith and John A. Moore. U.S. 
NACA TN 3322, Feb., 1955. 57 pp. 1 
refs. Development of a _ procedure to 
compute streamline coordinates from 
tabulated flow parameters, with _ the 
method of characteristics used to obtaiy 
the first part of the flow consisting of q 
continuous expansion from a_ uniform 
sonic flow to a radial flow. 

An Approximate Method of Calculating 
Three-Dimensional, Compressible Flow in 
Axial Turbo-machines. Carl O. Holm. 
quist and W. Duncan Rannie. JAS 23r 
Annual Meeting, New York, Jan. 24-%, 
1955, Paper. 46 pp. 15rets. 

A Correlation of the Resistance to Air 
Flow of Wire Gauzes. P. Grootenhuis 
IME Proc., No. 34, 1954, pp. 837-843 
Communications, pp. 843-845; Author's 
reply, pp. 845, 846. 29 refs. Analysis at 
Reynolds Numbers of 0.1—5,000 analogous 
to flow through passages or pipes, with the 
resistance being due mainly to the friction 
between the flow and the surfaces of the 
voids in the gauze. 

Dynamiczna Teoria Zjawiska Pompo- 
wania w Sprezarkach Wirnikowych (Dy- 
namic Theory of the Phenomenon of 
Compressor Surge). Robert Szewalski 
Arch. Budowy Maszyn (Warsaw), No. 4, 
1954, pp. 375-388. In Polish, with sum. 
maries in English and Russian. 

An Evaluation of Non-Newtonian Flow 
in Pipe Lines. Ruth N. Weltmann 
U.S., NACA TN 3397, Feb., 1955. 4 
pp. 16 refs. Analytical method to de- 
termine pressure losses due to the flow of 
non-Newtonian materials in pipe lines 
using basic data from measurements of 
flow rate-of-shear shearing-stress curves 

Experiments on Turbulent Flow 
Through Channels Having Porous Rough 
Surfaces with or Without Air Injection. 
E. R. G. Eckert, Anthony J. Diaguila, and 
Patrick L. Donoughe. U.S., NACA TN 
3339, Feb., 1955. 45 pp. 12 refs. 

The Flow of Air Through Radial Laby- 
rinth Glands. W. J. Kearton. Chartered 
Mech. Engr., Feb., 1955, pp. 109-111 
Abridged. 

Ingestion of Foreign Objects into Tur 
bine Engines by Vortices. Lewis A 
Rodert and Floyd B. Garrett. U.S, 
NACA TN 3330, Feb., 1955. 23 pp. 

On Unsteady Flow Through a Cascade 
of Aerofoils. L.C. Woods. Proc. Royal 
Soc. (London), Ser. A, Feb. 15, 1955, pp 
50-65. 14 refs. Development of a basic 
theory of two-dimensional flow, with ex- 
pressions for the pressure distribution, 
lift, and moment on an airfoil of the cas- 
cade. 

A Wind-tunnel Investigation of Entry 
Loss on Propeller Turbine Installations. 
I—Annular Entries Behind Propellers. 
II—Ducted Spinners. Appendix— 
Method of Analysing Ducted Spinner 
Loss. J. Seddon and A. Spence. Gt 
Brit. ARC R&M 2894 (Aug., 1948) 
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1954. 56 pp. BIS, New York. $3.40. 
Analysis for direct-flow engines using 
axial compressors, with the air taken in at 
an annular entry directly behind the rotat- 
ing propeller and spinner as compared 
with test results on ducted spinners. 


Stability & Control 


Dynamic Derivatives in Yaw and Side- 
slip of Thin Wings at Supersonic Speeds. 
Theodore R. Goodman. JAS 23rd An- 
nual Meeting, New York, Jan. 24-27, 
1955, Preprint 524. 19 pp. 10 refs. 
Members, $0.50; nonmembers, $0.85. 

The Influence of Rolling Moments on 
Spin Recovery as Observed in Model- 
Spinning Tests. D.J.Harper. Gt. Brit., 
ARC R&M 2831 (Apr., 1950), 1954. 13 
pp. BIS, New York. $1.00. 

NACA Applications of Variable-Stability 
Airplanes in Lateral-Stability Research. 
William M. Kauffman and Fred J. Drink- 
water, III. JAS 23rd Annual Meeting, 
New York, Jan. 24-27, 1955, Preprint 520. 
11 pp. Members, $0.35; nonmembers, 
$0.75. 

Steady Properly-Banked Turns of Tur- 
bojet-Propelled Airplanes. Angelo Miele. 
(Riv. Aero., No. 1, 1951, pp. 23-385.) 
U.S., NACA TM 1382, Mar., 1955. 33 
pp. Translation. Analysis for the cases 
of parabolic and nonparabolic aircraft 
polars taking into account compressibility 
effects; comparison with reciprocating 
propelled aircraft. 

Straight and Swept. R. J. White, A. 
T. Curren, and Wm. F. Balhaus. Flying 
Safety (USAF), Jan., 1955, pp. 20-23. 
Appraisal of basic stability and control 
differences between conventional and 
swept wing types of aircraft, including 
stalling, pitching, lateral, and directional 
control characteristics. 

The Structural Tail Load Problem 
Theory, Tests and Criteria. R. K. Koe- 
gler. (JAS Preprint 407, 1953.) Cornell 
Aero. Lab. Rep. CAL-49, 1952. 117 refs 
Detailed review of the literature on: the 
reliability of methods of calculating air- 
plane motions and tail loads; horizontal, 
vertical, and spanwise tail load distribu- 
tions; buffeting and fatigue considera- 
tions; and the effects of aeroelasticity and 
nonstationary flow. 


Wings & Airfoils 


Experiments in the Compressed Air 
Tunnel on Swept-back Wings including 
Two Delta Wings. R. Jones, C. J. W. 


Miles, and P. S. Pusey. Gt. Brit., ARC 


R@M 2871 (Mar., 1948), 1954. 26 pp. 
BIS, New York. $1.60. 

Pressure Plotting and Balance Measure- 
ments in the High Speed Wind Tunnel ona 
Half-model of a 90-deg-Apex Delta Wing 
with Fuselage. A.C. S. Pindar and J. R. 
Collingbourne. Gt. Brit., ARC R&M 
2844 (Sept., 1949), 1954. 53 pp. BIS, 
New York. $4.15. 

Theoretical Study of the Transonic Lift 
of a Double-Wedge Profile with Detached 
Bow Wave. (U.S., NACA TN 2832, 
1952.) U.S., NACA Rep. 1180, 1954. 
24 pp. 13 refs. Supt. of Doc., Wash. 
$0.25. 

Theoretical Supersonic Drag of Non- 
lifting Infinite-span Wings Swept behind 
the Mach Lines. T. Nonweiller. Gt. 
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Introducing the NEW “J” Model... 


JETCAL 


CHECKS ACCURACY OF 
JET ENGINE 


and (E.G...) SYSTEMS 


With NEW... 
1) Takcal 

2) Potentiometer 
3) Ruggedized Galvos am 
4) Test Circuits fp 


@ Of the many factors affecting jet engine 3) Checks thermocouples within the harness 
life, efficiency, and ~ ay two of the for continuity. 

most important are Exhaust Gas Temperature 4) Checks thermocouples and paralleling har- 
(EGT) and Engine Speed (RPM). Excess ness for accuracy. 
heat will reduce “bucket” life as much as 


: 5) Checks resistance of the EGT circuit with- 
50% and low EGT- materially reduces effi- - 
ciency and thrust. Any of such conditions out the EGT Indicator. we 
will make operation of the aircraft both costly 6) Checks insulation of the EGT circuit for 
and dangerous. The JETCAL Analyzer pre- shorts to ground and for shorts between leads. 
determines accuracy of the EGT and Tachom- 7) Checks EGT Indicators (in or out of 
eter systems and isolates errors if they exist. aircraft). 
8) Checks EGT system with engine removed 
—— JETCAL from aircraft (in production line or overhaul 
JET shop). 
ANALYZES 10 WAYS! 9 Checks aircraft TACHOMETER system 
ENGINES . accuracy to within +0.2% between 95% to 
100% RPM. 


10) JETCAL ANALYZER enables engine 
@ The JETCAL ANALYZER functionally adjustment to proper relationship between 


tests the EGT thermocouple circuit of a jet engine temperature and engine RPM for max- 

aircraft or pilotless aircraft missile for error imum thrust and efficiency during engine run. 

without running the engine or disconnecting (Tabbing or Micing). 

CHY WIRE: GUARANTEED ACCURACY ALSO functionally checks aircraft thermal 
| IS +4°C. at engine test temperature. switches (OVERHEAT DETECTORS and 
| 2) Checks individual thermocouples “on the WING ANTI-ICE systems) by using TEMP- 
| bench” before placement in parallel harness. CAL Probes. 


Now in worldwide use. Used by U. S. Navy and Air Force as well as by major 
aircraft and engine manufacturers. Write, wire or phone for complete information. 


B & H INSTRUMENT Co., Inc. 
1009 Norwood + Fort Worth 7, Texas 


1 
| 
\\ 
| 


BONUS THRUST: NO PENALTIES 


The addition of extra thrust to new jet engines with a com- 
bustion device weighing only six pounds is one of today’s 
major engineering achievements:the result of successful col- 
laboration between Janitrol and gas turbine manufacturers. 


Aside from its amazing light weight, chief features of the new 
Janitrol Post-Turbine Burner are ease and simplicity of in- 
stallation, long life, high efficiency, and ability to be turned 
on and off repeatedly as required. In its present stage of 
development, this Janitrol combustion equipment gives the 
aircraft engine designer a new dimension of power — and 
current progress indicates a good potential for even greater 
power gains, with negligible addition of weight. 


Dist 
Kan 
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This development is a concrete example of Janitrol 
pioneering — another of Janitrol’s many “firsts” 
which include the whirling flame heater, the radiant 
tube heating principle—hot rod wing anti-icing— 
purge gas generators—canopy seal regulators—and 
the dimple plate construction of heat exchangers. 
The background necessary for these contributions 
has not been acquired overnight: rather, it goes 
back over 37 years and spans many fields of com- 
bustion engineering, heat treating, high tempera- 
ture metallurgy, fuel chemistry, and ceramics. We 
invite you to draw upon this unique fund of experi- 
ence to help raise efficiency or save weight in equip- 
ment for heat generation, conversion, or transfer 
processes. Call on your nearby Janitrol representa- 
tive early in the design stage. 


37 years experience in combustion engineering 


janitrol 


AIRCRAFT-AUTOMOTIVE DIVISION 


SURFACE COMBUSTION CORPORATION 
Columbus 16, Ohio 


District Engineering Offices: New York, 225 Broadway; Washington, D. C., 4650 East-West Highway; Philadelphia, Penna., 401 No. Broad St.; 
Kansas City, Mo., 2201 Grand Ave.; Fort Worth, 2509 Berry St.; Hollywood, Calif., 7046 Hollywood Blvd.; Columbus, Ohio, 400 Dublin Ave. 
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Brit., ARC R&M 2795 (Oct., 1950), 1954. 
22 pp. BIS, New York. $1.40. 


Aeroelasticity 


Aerodynamic Influence Coefficients for 
an Oscillating Finite Thin Wing in Super- 
sonic Flow. Ta Li. JAS 23rd Annual 
Meeting, New York, Jan. 24-27, 1955, 
Preprint 500. 23 pp. Members, $0.65; 
nonmembers, $1.00. 

An Approach to the Flutter Problem in 
Real Fluids. N. Rott and M. B. T. 


George. IAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 509. 
14 pp. 10 refs. Members, $0.50; non- 


members, $0.85. 

The Divergence of Supersonic Wings 
Including Chordwise Bending. M. A. 
Biot. (Cornell Aero. Lab. Rep. CAL-67, 
1954.) IAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 502. 26 
pp. 15 refs. Members, $0.65; non- 
members, $1.00. Analytical investigation 
of the static aerolastic stability problem, 
taking into account the dependence on 
Poisson’s ratio and the magnitude of de- 
formation. 

Experimental Determination of the 
Aerodynamic Damping on a Vibrating 
Circular Cylinder. Appendix—Empirical 
Treatment of Damping at Large Ampli- 
tudes. J. T. Stuart and L. Woodgate. 
Philos. Mag. (7th Ser.), Jan., 1955, pp. 
40-46. NPL Aero. Div. investigation. 

Experimental Pressure Distributions on 
Oscillating Low Aspect Ratio Wings. 
William R. Laidlaw and Robert L. Half- 
man. IAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 499. 19 
pp. 14 refs. Members, $0.50; non- 
members, $0.85. 

An Investigation of the Flutter Charac- 
teristics of Compressor and Turbine Blade 
Systems. Chi-Teh Wang, Frank Lane, 
and Robert J. Vaccaro. JAS 23rd An- 
nual Meeting, New York, Jan. 24-27, 1955, 
Preprint 501. 15 pp. Members, $0.50; 
nonmembers, $0.85. 

The Nature and Stiffness of Swept Wing 
Deformations with Reference to the Pre- 
diction of Normal Modes and Frequencies. 
Albert H. Hall. CAJ-IJAS Intl. Meeting, 
Montreal, Oct. 14-15, 1954, Preprint 494. 
23 pp. 10 refs. Members, $0.65; 
members, $1.00. 

Some Effects of the Addition of Mass to 
Vibrating Systems. II. Hirsh Cohen 
and George Handelman. C/T Tech. Rep. 
1, Jan. 17, 1955. 15 pp. USAF-sup- 
ported study of the problem to determine 
the lowest frequency of vibration of a rec- 
tangular plate simply supported on two 
edges and free on the other two and carry- 
ing a rigid mass of finite width running 
across the plate; relation of the experi- 
mental results to the observations on a 
circular membrane and a beam. 

An Analysis of Accelerations, Airspeeds, 
and Gust Velocities from Three Commer- 
cial Operations of One Type of Medium- 
Altitude Transport Airplane. Thomas L. 
Coleman, Martin R. Copp, Walter G. 
Walker, and Jerome N. Engel. U.S., 
NACA TN 3365, Mar., 1955. 31 pp. 

Analysis of Accelerations, Gust Veloci- 
ties, and Airspeeds from Operations of a 
Twin-Engine Transport Airplane on a 
Transcontinental Route from 1950 to 1952. 


non- 
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Thomas L. Coleman and Walter G. 
Walker. U.S., NACA TN 3371, Feb., 
1955. 16 pp. Results of extended in- 
vestigations of gust loads for the formula- 
tion of design requirements, fatigue re- 
search, and the prediction of operational 
gust difficulties. 

The Dynamic Response of a Large Air- 
plane to Continuous Random Atmospheric 
Disturbances. Franklin W. Diederich. 
IAS 23rd Annual Meeting, Jan. 24-27, 
1955, Preprint 548. 49 pp. 18 refs. 
Members, $0.35; nonmembers, $0.75. 
Extension of the statistical approach to 
the gust-loads problem by inclusion of the 
effect of lateral variations of the instan- 
taneous gust intensity on the aerodynamic 
forces and on the resultant motions and 
stresses of rigid and flexible aircraft. 

Estimates of Probability Distribution of 
Root-Mean-Square Gust Velocity of At- 
mospheric Turbulence from Operational 
Gust-Load Data by Random-Process 
Theory. Harry Press, May T. Meadows, 
and Ivan Hadlock. U.S., NACA TN 
3362, Mar., 1955. 48pp. 15refs. 


Airplane Design 


Design Aspects of the Boeing Model 707. 
K. C. Gordon. CAI-IAS Intl. Meeting, 
Montreal, Oct. 14-15, 1954, Preprint 496. 


9 pp. Members, $0.35; nonmembers, 
$0.75. Analysis including factors of econ- 
omy, safety, reliability, obsolescence, 


performance, and operational flexibility 
and adaptability. 

Douglas DC-7C Transport. I. Stan- 
ley H. Evans. The Aeroplane, Feb. 11, 
1955, pp. 178-181. Developmental study 
of design, operational, structural 
characteristics with payload and power 
plant data 

The Short S.A.4 Sperrin Medium 
Bomber ; FourRolls-Royce Avon R.A.7 Tur- 
bojets. The Aeroplane, Feb. 18, 1955, pp. 
204-209, cutaway drawing. Design, struc- 
tural, operational, developmental, and 
other characteristics. 

Simplified Magnesium Airframe Design. 


J. P. Donald Garges. IAS 23rd Annual 
Meeting, New York, Jan. 24-27, 1955, 
Preprint 505. 13 pp. Members, $0.50; 
nonmembers, $0.85. Analysis of the 


thick-skin design 
strength-weight 


technique covering 
ratios, costs, efficiency, 
reliability, corrosion resistance, fabrica- 
tional requirements, performance, and 
other factors. 

Skywarrior; Designing the World’s 
Heaviest Carrier-based Aircraft. Flight, 
Feb. 18, 1955, pp. 205-208, cutaway draw- 
ing. Developmental, structural, and op- 
erational characteristics of the Douglas 
A3D-1. 


Air Conditioning & Pressurization 


A Review of High-Altitude-Cabin- 
Pressurization Design Criteria Related to 
Future Transport Operations. L. M. 
Hitchcock. JAS 23rd Annual Meeting, 
Los Angeles, Jan. 24-27, 1955, Preprint 
536. 19 pp. Members, $0.35; non- 
members, $0.75. 


Cockpits 


The 42d Air Division Study: Recom- 
mendations for Improvements and Repair 
as Necessary to Achieve a More Standard 


1746 


F-84F Cockpit Configuration. Bertray 
J. Smith. USAF Hgs. 8th AF, Of. of th 
Surgeon, RB Rep., Oct., 1954. 36 pp. 
refs. Application of human engineerin 
principles to the redesign of controls an; 
dials. 


Control Systems 
Flight Research Utilizing Variab_ 


Stability Aircraft. W.O.Breuhaus. 
23rd Annual Meeting, New York, Jay 
24-27, 1955, Preprint 541. 19pp. Mem. 


bers, $0.50; nonmembers, $0.85. Ap. 
alysis of the use of the CAL-developej 
Variable Stability Aircraft to evaluat 
flying qualities of unusual control system 
designs, with operational, reliability, jn. 
stallation, and other factors. 


Air Transportation 


The Problem of Routing Aircraft; 4 
Mathematical Solution. Allen R. Fer. 
guson and George B. Dantzig. Aer 
Eng. Rev., Apr., 1955, pp. 51-55. Analy. 
sis of the problem of assigning a given 
fleet of different types of aircraft to carry 
an anticipated traffic load over several 
routes at minimum cost, with application 
of the theory of linear programing to air 
transportation. 

Some Thoughts on Economic Trends in 
Air Transport. M. H. Curtis. Transp. 
& Commun. Rev., Oct.-Dec., 1954, pp. 
1-9. 


Aviation Medicine 


Crew Effectiveness in the B-52 Strategic 
Bomber. I—Planning by Human Factors 
Teams. Don Flickinger. IJ—Engineer- 
ing for Safety and Efficiency. R. L. Lin- 
forth. I1I—Analysis of Crew Capabilities 
during Test Flights. Guy M. Townsend 
J. Av. Med., Feb., 1955, pp. 2-12; 13-17: 
18, 19. 

Development of a Personality Test 
Battery for Psychiatric Screening of Flying 
Personnel. Saul B. Sells. J. Av. Med, 
Feb., 1955, pp. 35-45. 29 refs. 

Explosive Decompression in Altitude 
Training of Civilian Crews. Charles I. 
Barron and Thomas J. Cook. J. Av. 
Med., Feb., 1955, pp. 46-55. 

Some Aeromedical Aspects of All- 
Weather Flight. Sidney I. Brody. J. 
Av. Med., Feb., 1955, pp. 24-28. 

Status of Ventilated Garments for High 
Speed Aircraft. H. A. Mauch. J. Ar. 
Med., Feb., 1955, pp. 56-60. 

The Effects of Tonic Electrical Stimula- 
tion as a Means of Combating Adverse 
Circulatory Disturbances Caused by Ac- 
celeration. R. F. Gray. U.S., NADC 
Rep. NADC-MA-5501, Jan. 25, 1956. 
14 pp. 11 refs. Av. Med. Acceleration 
Lab., Johnsville, Pa., study. 

Functional Disturbances of the Ear, 
Nose and Throat in Airmen. Edgar E. 
Poos. J. Av. Med., Feb., 1955, pp. 61-64. 

Splenic Infarcts Associated with Hy- 
poxia. James P. Jernigan, Jack C. Cooley, 
Wesley L. Peterson, and Charles E. Engel. 
J. Av. Med., Feb., 1955, pp. 29-34. Study 


of certain effects of high altitudes on the 
human body. 

Summary Review of Heat Loss and 
Heat Production in Physiologic Tempera- 
ture Regulation. James D. Hardy. 


U.S., 
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NADC-MA-5413, Oct. 14, 1954. 
39 refs. Av. Med. Acceleration 
Johnsville, Pa., research. 


46 pp. 
Lab., 


Computers 


Analog Computer Construction of Con- 
formal Maps in Fluid Dynamics. N. P. 
Tomlinson, M. Horowitz, and C. H. Reyn- 
olds. J. Appl. Phys., Feb., 1955, pp. 
999-232. Use of a Geda-type computer to 
determine airfoil shapes and flow patterns 
of an incompressible, frictionless, non- 
rotating, and nonviscous fluid. 

Analog Computer for Nonlinear Coor- 
dinate Transformation. Norman L. Fritz. 
Rev. Sci. Instr., Jan., 1955, pp. 23-27. 

Aplicaciones de una Calculadora An- 
alogica Electronica. Placido Cicala. U. 
Nac. Eva Peron, Fac. Ciencias Fisicomat. 
(Argentina), Pub. 202 (Pub. Esp. 41, 3rd 
Ser.), Mar., 1954. 12 pp. In Spanish. 
A descriptive applicational appraisal of 
the GAP/R All-Electronic Analog Com- 
puter. 

Complex or Nonlinear Design Problems 
Can Often Be Simplified with an Analog 
Approach. David A. Lieberman. Mach. 
Des., Feb., 1955, pp. 162-166. Evalua- 
tive appraisal of basic principles as applied 
in illustrative cases. 

Data Encoder for General Instrumenta- 
tion. J. R. Zweizig. Tele-Tech, Mar., 
1955, pp. 72, 738, 142, 144. Design and 
operational characteristics featuring digi- 
tal output of analog transducers as part of 
an automatic data-handling computational 
system; application to rocket-motor test- 
ing. 

Electronic Digital Computers. I. The 
Engr., Feb. 18, 1955, pp. 232, 233. De- 
sign and operational characteristics of the 
Elliott 402 computer; applications. 

Errors of Friction Wheel Integrators. 
J. G. L. Michel. J. Sct. Instr., Feb., 
1955, pp. 48, 44. Application to the re- 
duction of error in differential analyzers. 

Examples of Engineering Applications 
on IBM Digital Computers. I. C. Lig- 
gett. Elec. Eng., Mar., 1955, pp. 233-235. 

New Ferrite-Core Memory Uses Pulse 
Transformers. William N.  Papian. 
Electronics, Mar., 1955, pp. 194-197. 
USAF-Navy-Army-supported develop- 
ment of an improved design for digital 
computers, with operational character- 
istics, fabricational techniques, and circuit 
details. 

The Physical and Computing Signifi- 
cance of an Electrical Analogue of Creep 
and Recovery. A.J. Kennedy. Brit. J. 
Appl. Phys., Feb., 1955, pp. 49-58. 24 
tefs. Development of an analogue method 
to simulate the behavior of metals under 
various test conditions, with an appraisal 
of relative merits and potentialities. 

Recording Data on Magnetic Tape. 
Louis L. Fisher. Radio-Electronic Eng., 
Mar., 1955, pp. 18-20, 37,38. Evaluation 
of multiplexing digital and analog record- 
ing techniques, design and operational 
principles, and procedures for systematiz- 
ing telemetered data for input to high- 
speed computers, with schematic diagrams 
of an analog-to-digital converter. 

The Use of a High-Speed Digital Com- 
puter for the Direct Determination of 
Crystal Structures. I. W. Cochran and 


(Continued on page 166) 
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ANALOG TO 
DIGITAL CONVERSION 
in less than 45 cubic inches 


In an aircraft navigational system, input information (such 
as compass headings, speeds, etc.) is received in analogs. 
The Ford Instrument Company engineers recently had a 
problem which required the presentation of this informa- 
tion in digital forms. Along with this was the physical 
problem of weight and size minimization. An Analog- 
Digital converter was developed which solved the problem. 
This unit occupied less than 45 cubic inches and required 
only line voltage with no special power supply. 


This is typical of the way Ford Instrument engineers 
solve problems in the computing and control field. For 
forty years Ford has been pioneering techniques in servo- 
mechanisms; developing, designing and manufacturing 
systems and components to solve the complex problems 
of automatic control. Should you have a problem in control 
engineering it will pay you to talk to one of the Ford 
Instrument Company engineers. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 


| 
| ANALOG-DIGITAL 
| SHAFT ENCODER 
| 
ANALOG ; 
RESPONSE 
DEVICE 
| 
| 
| 
| 
| 


PRECISION MECHANICS, OPTICAL DEVICES, CERAMICS 


ELECTRICAL EQUIPMENT and COMPONENTS 


HYDRAULICS, LIQUIDS PROCESSING, HEAT EXCHANGE 
"TELEVISION 


Studio, Theatre, Educational, Business, Industrial 


INSTRUMENTS, SERVOS, CONTROLS 


Hydraulic, Pneumatic, Magnetic, Electronic 


AIRCRAFT ond MISSILE GUIDANCE, CONTROL, SIMULATION 


COMPUTERS and “COMPONENTS 


RADAR, MICROWAVE, ULTRASONICS 

MOTION PICTURE and AUDIO EQUIPMENT 
NUCLEAR POWER COMPONENTS and CONTROLS 
SYSTEMS ENGINEERING 


Aeronautical, Naval, Industrial 


THE GPE | 
PRODUCING 
COMPANIES 


KEARFOTT COMPANY, INC. 


@ Monufocturing 


@@ Moanufocturing ond product development 


CORPORATION 


LABORATORY INCORPORATED 


COMPANY 


THE GRISCOM-RUSSELL 


serving industry through coordinated precision technology 


@@@ Manufacturing, product development and research 
CHWS Pilot manufacturing, product development and research 


INC. 
THE HERTNER 
ELECTRIC COMPANY 


LINK AVIATION, 


CORPORATION 


THE STRONG ELECTRIC 


J. E. McAULEY MFG. CO. 
ASKANIA REGULATOR 
COMPANY 

AMPRO CORPORATION 
LIBRASCOPE, 
INCORPORATED 
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NEW computer... 


~ 
eseee | 
22208 2eee 


with a SPECIAL purpose... 


LINK AEROLOG PERFORMANCE COMPUTER 


Backed by more than a quarter century of experience— 
gained from the designing and building of Flight Simulators 
and Trainers which duplicate actual flight conditions—Link 
Aviation, Inc. now introduces its newest development, the 
Aerolog Performance Computer. 


This special purpose computer instantly solves the classical 
airplane performance equations. Computation is continu- 
ous during the introduction of input variables. 


The Link Aerolog Performance Computer eliminates the 
time-consuming solution of performance equations by 


Manufacturers of world-famous Link trainers and simulators (such 
as F3D, B-47, F-89, F2H-2, F2H-3) * simulated aircraft instruments 
specialized computers © servo mechanisms * computer components 
gear boxes ¢ friction over-drive clutches * precision potentiometers 
fatio voltmeters * phase angle meters * and other electronic devices 


tabulating machine or general purpose computer methods. 
Now—at the finger tips of the aerodynamicist—is a com- 
puter designed for his own personal operation. 

Rigorous equations of motion are solved without climb 
angle restrictions. Secondary corrections to rate of climb 
due to flight path curvature and momentum changes are 
introduced and computed with unequalled accuracy. 

And these are but a few of the advantages of the new Link 
Aerolog Performance Computer. We would be pleased to 
furnish complete data at your request. 


Write department AER 


LINK AVIATION, INC 


BINGHAMTON-—-NEW YORK 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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NEERING 


EQUIPMENT 


¢ Eastern P 
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ressurization 


CTRONI 
SSURIZE ELE 


1 Units for at 

\ commodates a 

Units can be 


se mod Motor 
compressors, 
: requirement, 


tunity to 
application 


Maintains of 25 P.S.1 
system pressure A. 
© Meter is .03 H.P.—10,000 R.P.M., 208 V.,.3 


ph., 400 cy. 
@ Unit operates 


MODEL E AP-150 TYPE 205 


® Operating switch maintains a system 
pressure of 17 P.S.1.A. 
4.P. 7,500 R.P.M., 27 volts D.C. 


Ld Current draw is 2.0 amperes maximum under 


© Life is 500 op 
© Weight is 8 tbs. maximum 


MODEL E AP-1500 TYPE 203 


© Operating switch maintains a system 
® Motor is 1/15 H.P. nomine! 24-28 volts D.C 
5,000 R.P.M., continuous shunt wound 


maximum under 


© Current draw is 3.4 > 
Life is 500 operating hours 

+ 

® Weight is 12 Ibs. moximum 


MODEL E AP-2400 TYPE 201B 


Motor -» 24-28 volts D.C., 5, 
RPM. duty 


MODEL E AP-3600 TYPE 200 
P.S.1.A. 
© Current draw is 

} 


© Life is 1,000 operating hours 
© Weight is 8-1/2 ib. maximum 


COMPLETE 
AVIATION 
CATALOG *330-P 
ON REQUEST. 


INDUSTRIES, INC. 
come 
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REVIEW 


MAY, 1955 


A.S. Douglas. Proc. Royal Soc. (London), 
Ser. A, Feb. 8, 1955, pp. 486-500. 19 
refs. Operational analysis of the EDSAC. 


Education & Training 


Graduate Study in Aeronautical En- 
gineering—an Airframe Manufacturer's 
Comments. J. W. Carter. JAS 23rd 
Annual Meeting, New York, Jan. 24-27 
1955, Paper. 11 pp. 

Non-Linear Potentiometers Produce 
New Standards of Fidelity in Flight Simu- 
lators. Henry P. Steier. Aero Dig, 
Feb., 1955, pp. 68, 70, 72. Use of servo 
devices and digital computers to transmit 
from signals analogous to the equations of 
motion of an aircraft to appropriate cir- 
cuits the flight effects of engine and 
weather conditions. 

Organizing for Flight Operations. Les. 
lie A. Bryan. U. Ill. Inst. Av. Aero. Bul. 
13, 1954. 52 pp. Development of a 
practical pilot training curriculum con- 
cerned with administrative and operational 
phases, including aircraft and airport re- 
quirements, flight charting, maintenance, 
and flight simulation. 

RCAF Pilot Training Program. C. H 
Mussells. CAI-IAS Internatl. Meeting, 
Montreal, Oct. 14-15, 1954, Paper. 14 pp 
Evaluative appraisal of Training Com- 
mand problems and trends, including fac- 
tors of personnel selection, aircraft types, 
obsolescence of skills and equipment, and 
training techniques. 

Some Observations on Advanced Edu- 
cation for Aeronautical Engineers. Harold 
A. Bodley. (ASEE Aero. Div. Paper, 
1955.) IAS 23rd Annual Meeting, New 
York, Jan. 26,1955, Paper. 15 pp 


Electronics 


Electronics in Aviation. Selden B 
Spangler. JAS 23rd Annual Meeting, 
Luncheon Address, Jan. 27, 1955. 21 pp 
Developmental survey of problems, re- 
search, trends, and potentialities. 

Progress in Electron Emission at High 
Fields. W. P. Dyke. Proc. IRE, Feb., 
1955, pp. 162-167. 17 refs. USAF- 
ONR-supported investigation of the prop- 
erties of emitters to stabilize their per- 
formance under practical conditions. 

The Rubber Membrane and the Solu- 
tion of Laplace’s Equation. W. Fulop. 
Brit. J. Appl. Phys., Jan., 1955, pp. 21-23. 
Application to the experimental study of 
potential distributions and electron paths 
as in electron-multipliers. 


Amplifiers 

Design of Twin Tee Tuned Amplifiers. 
C. J. Savant, Jr., C. A. Savant, and R. F. 
Destabelle. Tele-Tech, Mar., 1955, pp. 
78-80, 114. Experimental derivation of 
an optimum circuit using parallel tee net- 
works for feedback control and other sys 
tems. 

A Tuned Detector-Amplifier for Power- 
Frequency Measurements. W. K. Cloth- 
ier and W. E. Smith. J. Sci. Instr., Feb., 
1955, pp. 67-70. Design and operational 
characteristics, with circuit details. 


Antennas 


Scattering of Electromagnetic Waves by 
Wires and Plates. J. Weber. Prot. 
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1955, pp. 82-89. Experi- 


Circuits & Components 


Component Design Trends; Metallic 
Rectifiers Approach Infinite Life. Frank 
Rockett. Electronics, Mar., 1955, pp. 
162-166. Development and performance 
characteristics of copper-oxide, selenium, 
silicon, germanium, and titanium-dioxide 
rectifiers; applications. 

Conference on Reliability of Electrical 
Connections, at the Ill. Inst. of Tech., 
Apr. 15-16, 1954. RETMA_ Electronic 
Appl. Reliability Rev., No. 3, 1954. 20 
pp. 110 refs. Partial contents: Reli- 
ability of Airborne Electronic Equipment 
and Our Ability to Maintain It for War, 
A. S. Brown. Reliability of Military 
Electronic Equipment, J. M. Bridges. 
Factors in Design for Efficient Cooling of 
Rack-Mounted, Electronic Equipment, 
R. E. Hedges. Electron Tube Reliability 
Program of the Department of Defense. 
Bibliography On Reliability. 

Evaluation of the Output of a Frequency 
Modulation Receiver for Superposed Input 
Signals. M. A. Biot. Cornell Aero. 
lab. Rep. BE-745-T-111, Aug., 1954. 20 
pp. 

Filled Fluorocarbons—New Component 
Materials. Merritt A. Rudner. Elec. 
Mfg., Feb., 1955, pp. 80-87, 326. Navy- 
sponsored investigation of electrical, me 
chanical, thermal, and other preperties of 
Teflon mixtures to develop new dielectric, 
magnetic, and semiconductive 
nents. 

Frequency Stabilization Hyperfrequency 
Discriminator (Stabilisation de Frequence ; 


compo 


Discriminateur Hyperfrequence). G. 
Pircher. (L’Onde Elec., No. 31, 1951, pp. 


144-152.) Gt. Brit., RAE Lib. Trans. 
491, Oct., 1954. 16 pp. Basic principles, 
circuit details, and applications. 

Linear Reactor Chart. Reuben Lee. 
Electronics, Mar., 1955, pp. 208, 210. 
Design data for iron-core reactors to pro- 
vide constant inductance under varying 
and a.c. conditions. 

Pulse Response of Signal Rectifiers. 
M. V. Callendar. Wireless Engr., Jan., 
1955, pp. 3-14. Theoretical and experi- 
mental study of the response for the case 
of a diode detector fed from a tuned circuit 
asin radar and wide-band amplifiers. 

Reliable Subminiature Sockets. John 
F. Mannix. Elec. Mfg., Feb., 1955, pp. 
122-124. Appraisal of relative merits and 
development in terms of military applica- 
tional requirements. 

Research and Development for Airborne 
Electronic Instrumentation. James Q. 
Brantley, Jr. Ind. Labs., Mar., 1955, pp. 
f-9. Evaluative appraisal of CAL and 
other experimentation and problems cover- 
ing components for radar, communications, 
navigation, guidance of missiles, and con- 
trol systems. 

Theory and Design of Wide-Ban 
Maltisection Quarter-Wave Transformers. 
R.E. Collin. Proc. IRE, Feb., 1955, pp. 
179-185. 

Theory of the Thermistor as an Electric 
Circuit Element (A Study of Thermistor 
Circuits). I. §S. Ekeléf and G. Kihlberg. 


AERONAUTICAL REVIEWS 


(Chalmers Tekniska Hégskolans Handi 
ingar, No. 142, 1954.) Acta Polytechnica 
(Stockholm), Elec. Eng. Ser., No. 11 (154), 
1954. 36 pp. 


Communications 


Information Theory Aspects of Prop- 
agation through Time-Varying Media. 
Joseph Feinstein. J. Appl. Phys., Feb., 
1955, pp. 219-229. Evaluation of the 
channel capacity of a communication 
system for the conventional single point 
reception of a fading signal in the presence 
of noise, with a generalization to multiple 
receiving elements as applied to directional 
and diversity reception. 

Radio Scattering in the Troposphere. 
William E. Gordon. Proc. IRE, Jan., 
1955, pp. 28-28. 11 refs. Application 
of the theory to the basic communication 
problem. 

Short-Time Frequency Measurement of 
Narrow-Band Random Signals by Means 
of a Zero Counting Process. Herbert 
Steinberg, Peter M. Schultheiss, Conrad 
A. Wogrin, and Felix Zweig. J. Appl. 
Phys., Feb., 1955, pp. 195-201. USAF- 
supported study of the problem of the 
data-taking process subjected to random 
disturbances in a transmission system 
which codes the transmitted information 
as a frequency shift of a carrier. 

Transient Response in NBFM Re- 
ceivers. Stanley P. Lapin and Jerome J. 
Suran. Tele-Tech, Mar., 1955, pp. 82-84. 
Effects of attenuation and cascading in 
narrowband frequency-modulation com- 
munications systems. 


Construction Techniques 


Casting Resins Containing Polysty- 
rene; Electrical and Physical Properties 
of FN-2.5 and Other Resins. Paul 
Ehrlich, R. W. Tucker, and P. J. Franklin. 
Ind. & Eng. Chem., Feb., 1955, pp. 322 
327. 12refs. NBS-development for cast- 
ing or potting electronic fabricational 
techniques. 

Components for Mechanized Produc- 
tion. B. L. Davis. Radio-Electronic 
Eng., Mar., 1955, pp. 12, 13. NavBu- 
Aer-sponsored NBS development of an 
adhesive tape capacitor and a “‘chip”’ re- 
sistor for the MDE-MPE fabricational 
system under Project Tinkertoy. 

Designing Potted Resistor Networks. 
H. E. Myers. Tele-Tech, Feb., 1955, pp. 
76, 77, 136. Potentialities of epoxy resin 
mounting techniques for high reliability in 
miniaturization and other applications. 

Integrated Microwave Circuits. E. Ja- 
mieson. Electronic Eng., Feb., 1955, pp. 
60-63. Assembly and construction tech- 
nique for the 3,000-30,000 me. range; 
comparison with other fabricational meth- 
ods. 

New Techniques for Fabrication of Air- 
borne Electronic Equipment. R. K-F, 
Seal. Proc. IRE, Jan., 1955, pp. 4-11. 
NavBuAer-sponsored miniaturization de- 
velopment program at NBS to gain high 
reliability under extreme environmental 
conditions of temperature, pressure, shock, 
and vibration; design of a 55-lb. radar 
system applying new methods and ma- 
terials. 

Report on Printed Resistors and Ca- 
pacitors. I—A New Injection-Molding 
Process for Printed Resistors. II—A New 
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Compression-Molding Process for Printed 
Capacitors. Edith M. Davies, Robert S. 
Marty, and Philip J. Franklin. Elec. 
Mfg., Jan., Feb., 1955, pp. 56-63; 100-107. 
38 refs. Evaluation of equipment and 
procedures and the effects of formulation 
and operational variables on fundamental 
characteristics. 

Wafer-Coil Techniques for Transform- 
ers. Albert Zack and James Hefferman. 
Elec. Mfg., Feb., 1955, pp. 72-75. USAF 
WADC-sponsored study of automatic 
fabrication. 


Delay Lines 


Delay Line Subcarrier Discriminator. 
Kenneth A. Morgan and Richard F. 
Blake. Electronics, Mar., 1955, pp. 203- 
205. Design and operational characteris- 
tics; application to telemetering and other 
circuits. 


Dielectrics 


Measurements of Electrical Polariza- 
tion in Thin Dielectric Materials. R. W. 
Tyler, J. H. Webb, and W. C. York. J. 
Appl. Phys., Jan., 1955, pp. 61-68. 

Some Researches into the Electrical 
Conduction and Breakdown of Liquid Di- 
electrics. K. A. Macfadyen. Brit. J 
Appl. Phys., Jan., 1955, pp. 1-7. 46 refs. 
Review of investigations at the U. of Birm 
ingham, lingl., up to 1946. 

Techniques for Measuring Capacitor 
Dielectric Absorption. Herbert E. Ruehle- 
mann. Tele-Tech, Feb., 1955, pp. 72 
74 ff. (2). Experimental study of the 
charge-loss problem as a function of the 
dielectric material, applied voltage, charge- 
time, discharge-time, and temperature. 


Electronic Controls 


Advantage of Electronic Control. C. 
E. Mathewson. IJnstruments & Automa- 
tion, Feb., 1955, pp. 258-265. Frequency- 
response analysis of each element in a 
typical system eliminating transmission- 
line lag for more accurate response, with 
stability criteria and control modes. 

Electronic Temperature Controller. 
Alvin B. Kaufman. Radio-Electronic 
Eng., Mar., 1955, pp. 10, 11, 30, 31. De- 
sign of a sensitive probe and cycling con- 
trol circuit featuring low thermal inertia 
as in the aircraft chamber temperature 
controller AN 5525-2. 

Wide-Angle Phase Shifter for Industrial 
Controls. W. J. Brown. Electronics, 
Mar., 1955, pp. 189-198. Circuit design 
of a thyratron feedback control system, 
with operational characteristics; applica- 
tions. 


Electronic Tubes 


Amplification Measurements on a 
Velocity Step Tube. N. Bertil Agdur. 
(Chalmers Tekniska Hoégskolas Handlingar, 
Nr. 140, 1954.) Acta Polytechnica (Stock- 
holm), Elec. Eng. Ser., No. 9 (152), 1954. 
10 pp. 

A Coupled Mode Description of Beam- 
Type Amplifiers. Hubert Heffner. Proc. 
IRE, Feb., 1955, pp. 210-216. Analysis 
of the klystron and traveling-wave tubes 
for which the electron stream and circuits 
are treated as coupled transmission lines. 


Development of Trochotrons. J. Bjérk- 
man and L. Lindberg. (Kungl. Tekniska 
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roducing high-performance, precision - built com- 


pressors for the atomic energy program demanded 


special skills and long experience. 


To satisfy AEC specifications for these units, Fairchild 
Engine Division undertook design and production of 
an intricate, two-stage centrifugal compressor. Precision 
workmanship was vital at all stages of manufacture, 
and dust-free conditions had to be maintained to insure 


surgical cleanliness of all internal surfaces. 


Then, to build the units in mass-production quantity, 
Fairchild constructed an entirely new plant and trained 
more than 1,400 employees in the operation of complex 
precision machinery. The products now being delivered 
by Fairchild represent a major advancement in com- 


pressor design and development. 


This is only one part of Fairchild Engine Division’s 
story of powerplant and equipment development. Pio- 
neers in powerplant production, Fairchild stands ready 
to provide aircraft engines, underwater weapon systems 
or other high-performance, precision-built products 
— wherever they may be required, to perform new and 
challenging functions. 


where The jo treasured in 


% Including AL-FIN, the Fairchild patented process for the molecular bond- 
ing of aluminum and magnesium to steel, cast iron, nickel or titanium. 
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TYPE 
30E16 


With its 30-volt, 100-ampere rating, 
the Type 30E16 offers increased out- 
put and reliability that make it the 
ideal replacement for existing 50 and 
75 ampere aircraft generators. In most 
cases, it can be used with existing con- 
trol equipment—with types 1042-17 
and 1589-1 voltage regulators, for ex- 
ample. 

This generator can be furnished with 
either square or round mounting 
flange and is suitable for use on Con- 
tinental R9A, P & W 985, P & W 
1340, P & W 1830 and Wright GR 
1820 engines. 


Gend 


EATONTOWN, N. J. 


DC GENERATOR 


For military applications, the gen- 
erator conforms to AF Drawing 52B- 
6588 and will deliver full output at 
35,000 feet altitude and 75% rated 
power at 50,000 feet. 


CHARACTERISTICS 
Min. Speed for Regulation................. 2500 rpm 
Max. Speed for Regulation................. 5500 rpm 
Min. Air Blast Pressure.................. 6 in. water 
Weight. 39.5 Ibs. 


For complete information about Bendix 
Red Bank Generators . . . both DC and 
AC ... write us today. 


DIVISION OF 


West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif. 
Canadian Distributors: Aviation Electric Ltd., P.O. Box 6102, Montreal, P.Q. 
Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
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Hogskolans Handlingar, Nr. 80, 1954.) 
Acta Polytechnica (Stockholm), Elec. Eng. 
Ser., No. 7 (149), 1954. 131 pp. Experi- 
mental investigation to develop optimum 
designs of the cylindrical and binary types 
of a multielectrode tube operating in a 
magnetic field under various conditions: 
application to decade counting of random 
pulses and to calculating machines. 

Experimental Investigation of Noise 
Reduction in Traveling Wave Tubes. N. 
Bertil Agdur. (Chalmers Tekniska Hag- 
skolas Handlingar, Nr. 139, 1954.) Acta 
Polytechnica (Stockholm), Elec. Eng. Ser., 
No. 9 (152), 1954. 12 pp. Measure. 
ments to determine the length of the space 
charge wave in the drift region, the quo- 
tient between the minimum and maximum 
noise factor, and the distance from the 
anode to the first noise minimum 

Frequency Stabilization of Valve Oscil- 
lators in Respect of Grid Current, Ampli- 
fication Factor and Load. L. Lukasz- 
ewicz. Bul. Acad. Polonaise (Warsaw), 
No. 4, 1954, pp. 181-184 

Helix Millimeter-Wave Tube. W. \. 
Christensen and D. A. Watkins. Proc. 
IRE, Jan., 1955, pp. 93-96. Experi- 
mental analysis of operating characteris- 
tics, with design and other factors. 

The Influence ot Grid Current upon 
Valve Oscillator Frequency. L. Lukasz- 
ewicz. Bul. Acad. Polonaise Sci. (War- 
saw), No. 4, 1954, pp 177-180. Con- 
ceptual analysis based on a triode as a 
generating tube. 

The Non-Linear Theory Approach to 
Resistance-Capacitance Oscillators. J. 
Groszkowski. Bul. Acad. Polonaise (War- 
saw), No. 4, 1954, pp. 185-188 

Shunt-Diode Rectifier in Voltage Meas- 
urement; Effect of Source Resistance on 
Efficiency of Rectification. M. G. Scrog- 
gie. Wireless Engr., Feb., 1955, pp. 58 
60. 10 refs. 

Traveling-Wave Tube Experiments at 
Millimeter Wavelengths with a New, 
Easily Built, Space Harmonic Circuit. 
Arthur Karp. Proc. IRE, Jan., 
41-46. ONR-sponsored study 

A Triode Useful to 10,000 Mc. J. E. 
Beggs and N. T. Lavoo. Proc. IRE, Jan., 
1955, pp. 15-19. Design, construction, 
and operational characteristics of the L-29, 
a small receiving tube with a noise figure 
of 7 db. at 1,200 mce., applicable to air- 
borne equipment. 

Variable-Mu Twin Triode for Airborne 
Receivers. R.E. Moe. Tele-Tech, Mar., 
1955, pp. 94, 95. Study of the design and 
operational characteristics of an RF 
amplifier to solve the problem of the wide 
variation in signal strengths in airborne 
communications. 


1955, pp. 


Magnetic Devices 


Auto-Self-Excited Transconductors and 
Push-Pull Circuit Theory. A. G. Milnes 
and T. S. Law. (JEE Measurements 
Sect. Paper 1599.) Proc. IEE, Part II, 
Dec., 1954, pp. 648-662; Discussion, pp. 
667-671. 17 refs. Theoretical and ex- 
perimental study as applied to the design 
of magnetic amplifiers with duo-directional 
outputs dependent on the signal sense. 

Difference Equations for Magnetic Am- 
plifiers. P.R. Johannessen. Elec. Eng., 
Feb., 1955, p. 129. Abridged. Techni- 
que for operational analysis of characteris- 
tics. 
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The Edge Conditions and Field Repre- 
sentation Theorems in the Theory of 
Electromagnetic Diffraction. A. E. Heins 
and S. Silver. Proc. Cambridge Philos. 
Soc., Jan., 1955, pp. 149-161. 17 refs. 

Ferroxdure II and III, Anisotropic Per- 
manent Magnet Materials. A. L. Stuijts, 
G. W. Rathenau, and G. H. Weber. Phil- 
ips Tech. Rev., Nov.-Dec., 1954, pp. 141- 
147. Analysis of basic properties, method 
of preparation, effect of sintering, and 
applications. 

Inductive Load Instability in Magnetic 
Amplifiers. H.I. Leon and A. B. Rosen- 
stein. Elec. Eng., Mar., 1955, p. 237. 
Abridged. Evaluation of operational 
characteristics, with schematic circuit 
diagram. 

Magnetic-Amplifier Design—A Practical 
Approach. Manfred  Lilienstein. Elec. 
Mfg., Mar., 1955, pp. 90-98. A _ simpli- 
fied technique based on empirical constants 
and “‘cut-and try’’ procedures. 

Odd Integer Magnetic Frequency Multi- 
pliers. Leo J. Johnson and S. E. Rauch. 
Proc. IRE, Feb., 1955, pp. 168-173. Ap- 
plication to computer, telemetering, and 
communications circuits. 


Measurements & Testing 


A Direct Method of Phase Measure- 
ment on the Cathode-Ray Tube. D. 
Karo. Brit. J. Appl. Phys., Jan., 1954, 
pp. 10-12 

Measurement of Microwave Diffraction 
from a Long Slit in a Thin Conducting 
Plane. Jay L. Hirshfield and Clayton M. 
Zieman. J. Appl. Phys., Feb., 1955, pp. 
135-137. USAF Inst. of Tech. experi- 
mental investigation. 

Methods of Measuring Dielectric Con- 
stants Based upon a Microwave Network 
Viewpoint. A. A. Oliner and H. M. Alt- 
schuler. J. Appl. Phys., Feb., 1955, pp. 
214-219. USAF-sponsored experimental 
study at the PIB Microwave Res. Inst. 

On Power Spectra and the Minimum 
Detectable Signal in Measurement Sys- 
tems. J. J. Freeman. J. Appl. Phys., 
Feb., 1955, pp. 236-240. 

Testing Airborne Electronic Compo- 
nents. F. Mintz and M. B. Levine. 
Electronics, Mar., 1955, pp. 181-1838. Use 
of high-intensity noise chamber to test 
electron tubes, relays, and other parts for 
aircraft and guided missiles; appraisal of 
the related factors of design and opera- 
tional requirements. 

A Versatile Transistor Tester. R. 
Bailey. Electronic Eng., Feb., 1955, pp. 
64-69. Circuit design for the measure- 
ment of the characteristics of pup or npn 
experimental types at voltages up to 150 
volts and currents up to 60 milliamperes. 


Navigation Aids 


Automatic Feedback Control and All- 
Weather Flying. Dunstan Graham and 
Richard C. Lathrop. JAS 23rd Annual 
Meeting, New York, Jan. 24-27, 19535, 
Preprint 514. 26 pp. 35 refs. Members, 
$0.65; nonmembers, $1.00. USAF All 
Weather Branch operational experiences 
and investigations of automatic control 
and navigational guidance systems and 
problems, with an appraisal of the ILS, 
AGCA, and surveillance radar traftic con- 
trol systems. 
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MODEL S-4-C 


DIRECT-READING 


DELAYED SWEEP 
ACCURATE TO 


0.1% 


Size: 
x 17%" 


31.5 Pounds 


ANOTHER EXAMPLE of PIONEERING... 


The SAR PULSESCOPE, model S-4-C, is JANized (Gov’t Model No. 
OS-4), the culmination of compactness, portability, and precision in a pulse 
measuring instrument for radar, TV and all electronic work. An optional 
delay of 0.55 microseconds assures entire observation of pulses. A pulse rise 
time of 0.035 microseconds is provided thru the video amplifier whose sensi- 
tivity is 0.5V p to p/inch. The response extends beyond 11 mc. A and S 
sweeps cover a continuous range from 1.2 to 12,000 microseconds. A directly 
calibrated dial permits R sweep delay readings of 3 to 10,000 microseconds 
in three ranges. In addition, R sweeps are continuously variable from 2.4 to 
24 microseconds; further expanding the oscilloscope’s usefulness. Built-in 
crystal markers of 10 or 50 microseconds make its time measuring capabilities 
complete. The SAR PULSESCOPE can be supplied directly calibrated in 
yards for radar type measurements. Operation from 50 to 400 eps at 115 volts 
widens the field application of the unit. Countless other outstanding fea- 
tures of the SAR PULSESCOPE round out its distinguished performance. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 


S-4-C SAR PULSESCOPE® 

$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
S-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 


WATERMAN PRODUCTS 
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“(DME for Enroute & Approach Naviga- 
tion.’’ David D. Thomas, Moderator, 
and others. Skyways, Feb., 1955, pp. 
16-19, 29-32. Flight Operations Round 
Table discussion. 

Integrated Flight System; Collins Two- 
Instrument System for Radio Navigation 
and I.L.S. Approach. Flight, Feb. 11, 
1955, pp. 167-170. 

IRE Standards on Radio Aids to Navi- 
gation: Definitions of Terms, 1954. H. 
R. Mimno, P. C. Sandretto, E. Weber, M. 
W. Baldwin, Jr., and others. Proc. IRE, 
Feb., 1955, pp. 189-209. Includes: ‘‘A 
Glossary of Some Common Electronic 
Navigational Systems.” 

The Long Range Radio Navigation Aid 
Problem. E. W. Pike. J. GAPAN, 
Dec., 1954, pp. 132-136. Appraisal of 
operational requirements of air traffic con- 
trol, of both piston-engined and _ turbo- 
powered aircraft, of ready maintenance, 
service, and reliability, and of suitable 
presentation of information to the pilot. 


Networks 


Boolean Matrices and the Design of 
Combinational Relay Switching Circuits. 
Franz E. Hohn and L. Robert Schissler. 
Bell System Tech. J., Jan., 1955, pp. 177- 
220. 19 refs. Basic properties of switch- 
ing matrices as applied to network analysis 
and synthesis. 

Displacement of the Zeros of the Im- 
pedance Z(p) Due to Incremental Varia- 
tions in the Network Elements. A. Pa- 
poulis. Proc. IRE, Jan., 1955, pp. 79-82, 

The Distortion of FM Signals in Passive 
Networks. I—General Characteristics of 
Existing Methods. II—General Descrip- 
tion of the Method. III—The Expansion 
of the Impedance Function. IV—Applica- 
tion. V—Comparison of the Results Ob- 
tained Here with Other Methods. R. H. 
P. Collings and J. K. Skwirzynski. Mar- 
coni Rev., 4th Quarter, 1954, pp. 113-136. 

The Linear Distortion of FM Signals in 
Band-Pass Filters for Large Modulation 
Frequencies. J. K. Skwirzynski. Mar- 
coni Rev., 4th Quarter, 1954, pp. 101-112. 
Application to passive networks. 


Noise & Interference 


The Effect of a Random Noise Back- 
ground Upon the Detection of a Random 
Signal. H. S. Heaps. Can. J. Phys., 
Jan., 1955, pp. 1-10. 

Frequency- Modulation Interference Re- 
jection with Narrow-Band Limiters. 
E. J. Baghdady. Proc. IRE, Jan., 
1955, pp. 51-61. USAF-ONR-Army Signal 
Corps-supported research. 

Investigations of Noise in Audio Fre- 
quency Amplifiers Using Junction Tran- 
sistors. P. M. Bargellini and M. B. 
Herscher. Proc. TRE, Feb., 1955, pp. 217- 
226. 16 refs. 

Relaxation Oscillations and Noise from 
Low-Current Arc Discharges. M. I. 
Skolnik and H. R. Puckett, Jr. J. Appl. 
Phys., Jan., 1955, pp. 74-79. 14 refs. 


Oscillators & Signal Generators 


Designing Stable Triode Microwave 
Oscillators. J. G. Stephenson. Elec- 
tronics, Mar., 1955, pp. 184-187. USAF- 
supported development at Airborne In- 
struments Lab., Mineola, N. Y., with cir- 
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cuit details and operational characteris- 
tics. 

A Low-Frequency Pulse-Train Genera- 
tor. J. E. Flood and J. B. Warman. 
Electronic Eng., Jan., 1955, pp. 13-16. 
Experimental design for the pulse repeti- 
tion frequency range of 5-50 cycles per 
sec. with an accuracy determined entirely 
by the driving external oscillator, with 
circuit details 

A 900-2000 Mc Unit Oscillator. Eduard 
Karplus. Gen. Radio Exp., Feb., 1955, 
pp. 1-5. Design and operating charac- 
teristics of the 1218-A Type; applications 
include aircraft navigation. 

On the Extension of the Principle of 
Imaginary Power Balance of Harmonics to 
Circuits with Continuous Spectra. J. 
Groszkowski. Bul. Acad. Polonaise Sci 
(Warsaw), No. 3, 1954, pp. 131-1385. 
Application to frequency oscillators. 

The Regenerative Pulse Generator. 
Appendix I—Theory of Operation. Ap- 
pendix II—Stability Conditions. C. C. 
Cutler. Proc. IRE, Feb., 1955, pp. 140 
148. Development of a new circuit de- 
sign featuring a loop containing an ampli- 
fier, expandor, bandpass filter, a time de- 
lay, and a means of automatic gain control 
for generating trains of short pulses; 
application to communication, radar, and 
measuring problems. 

A Sensitive Continuously-Evacuated 
Cathode-Ray Oscillograph and its Use in 
Stress-Wave Measurements. L. J. Grif- 
fiths, R. M. Davies, and D. A. Richards. 
Electronic Eng., Feb., 1955, pp. 48-52. 
11 refs. Design, construction, and opera- 
tional factors, with circuit details; applica- 
tion to the study of the stress-wave phenom- 
ena in bars of rectangular cross-section. 

A Versatile Pulse Shaper. G. E. 
Kaufer. Electronic Eng., Feb., 1955, pp. 
78-81. Triggered thyratron-type circuit 
design for reshaping pulses of various am- 
plitudes and widths as in computers and 
radar 


Power Supplies 


Stabilized D.C. Supplies using Grid- 
Controlled Rectifiers. L. Knight. Elec- 
tronic Eng., Jan., 1955, pp. 16-19. Use of 
a miniature 2D21 thyratron to design a 
compact, practical well-stabilized d.c. 
power supply to deliver 200 volts at 150 
milliamperes; applications include control 
circuits 


Semiconductors 


Anomalous Forward Switching Transi- 
ent in p-n Junction Diodes. N. T. Jones, 
R. H. Kingston, and S. F. Neustadter. 
J. Appl. Phys., Feb., 1955, pp. 210-213. 
USAF-Navy-Army-supported research at 
MIT 

Class-B Transistor Amplifier 
Eng. Dept., Aerovox Corp. Aerovox Res 
Worker, Jan., 1955, pp. 1-3. Circuit de- 
sign and operational characteristics. 

Double Base Expands Diode Applica- 
tions. J. J. Suran. Electronics, Mar., 
1955, pp. 198-202. USAF-Navy-Army- 
supported development of a semiconduc- 
tor solid-state counterpart of the gas-tube 
thyratron; applications include switching, 
gating, computer, and telemetering cir- 
cuits. 

The Effect of a Magnetic Field on the 
Heat Conductivity of a Superconductor. 


Data. 


MAY, 1955 


C. A. Renton. Philos. Mag. (7th Ser.» 
Jan., 1955, pp. 47-52. 12 refs. 
Introduction to Transistor Electronics, 
I—Physical Basis of Conduction in Sen). 
Conductors. H. K. Milward. Wireless 


Engr., Feb., 1955, pp. 60-65. 

Measurement of Carrier Lifetimes ; 
Germanium and Silicon. Donald T 
Stevenson and Robert J. Keyes. J. Appl 
Phys., Feb., 1955, pp. 190-195. USAR 
Navy-Army-supported development at 
MIT of a method to measure the lifetime 
of excess carriers in semiconductors using 
the decay of photoconductivity as the 
basic parameter. 

A New High Temperature Silicon 
Diode. C. G. Thornton and L. D. Han. 
ley. Proc. IRE, Feb., 1955, pp. 186-188, 
Preparation, properties, and operational 
characteristics of the high-back voltage 
point contact diode; applications. 

The Potentials of Infinite Systems of 
Sources and Numerical Solutions of Prob- 
lems in Semiconductor Engineering, 
Arthur Uhlir, Jr. Bell System Tech. J 
Jan., 1955, pp. 105-128. 

Semiconductors and the Transistor. 
E. W. Herold. J. Franklin Inst., Feb. 
1955, pp. 87-106. 33 refs. Develop- 
mental review of basic principles, opera- 
tional and fabricational techniques, po- 
tentialities, and applications. 

Stabilizing Transistors Against Tem- 
perature Variations. Sol Sherr and Theo- 
dore Kwap. Tele-Tech, Mar., 1955, pp. 
74-76, 145, 146. Use of direct-coupled 
feedback methods of stabilization to ex- 
tend operating range 40° C. ambient. 

The Theory of the Magneto-Resistance 
Effects in Polar Semi-Conductors. BB. F. 
Lewis and E. H. Sondheimer. Proc. 
Royal Soc. (London), Ser. A, Jan. 7, 1955, 
pp. 241-251. 


Telemetry 


Glossary of Some Telemetering Terms. 
Jt. Subcomm. on Telemetering Terminol- 
ogy. Elec. Eng., Feb., 1955, pp. 153-156. 


Transmission Lines 


Backscattering from Wide-Angle and 
Narrow-Angle Cones. Leopold B. Felsen. 
J. Appl. Phys., Feb., 1955, pp. 1388-151. 
27 refs. USAF-sponsored study using 
the method of characteristic Green’s fune- 
tions which are analogous to voltages or 
currents on a transmission line to obtain 
the diffraction of the waves radiated by 
scalar and vector point sources on the axis 
of a semi-infinite cone. 

Cross-Wound Twin Helices for Travel- 
ing-Wave Tubes. Marvin Chodorow 
and E. L. Chu. J. Appl. Phys., Jan., 
1955, pp. 33-43. 13 refs. USAF-ONR- 
Army Signal Corps-supported develop- 
ment of the helix structure for high volt- 
ages. 

Diffraction by Apertures. Chaang 
Huang, Ralph D. Kodis, and Harold Le- 
vine. J. Appl. Phys., Feb., 1959, 
pp. 151-165. 19 refs. USAF-ONR-Army- 
supported theoretical and experimental 
analysis of the diffraction of plane electro- 
magnetic waves by apertures in a plane 
screen infinitesimally thin and perfectly 
conducting. 

Electromagnetic Wave Propagation on 
Helical Structures (A Review and Survey 
of Recent Progress). Samuel Sensiper. 
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ROTARY ACTUATORS 


TYPE D-357: EEMCO-designed canopy actuator develops 50 inch-pounds 
at 280 r.p.m. operating on 28 volts D.C. in intermittent duty. Gear ratio 
is 40 to 1. Unit includes magnetic clutch and brake and radio noise filter. 
Stall torque is 300 inch-pounds maximum. Weight: 4% Ibs. 


Ctronics, 
in Semi. 
Wireless 


imes j 
ce , TYPE D-665: Designed as a trailing edge actuator for jet fighters. It has 
{ on a normal peak load of 28,000 inch-pounds and a total angular travel of 30°. 
at \ Speed is .675 r.p.m. with an average load of 14,000 inch-pounds on a 
lifetim 28 volt D.C. system (18.75 amps). Ultimate static load is 77,000 inch- 
ve nial pounds. Weight: 2542 Ibs. Design incorporates auxiliary power take-off and 
me ie non-jamming end stops. 
a TYPE D-471: Flexible universal rotary power package combines in one 
Silicon small container: motor, radio noise filter, magnetic clutch and brake, 
D. Han. main reduction gear and auxiliary gears for driving adjustable limit 
186-188, switches, light switches and position indicator. It has a wide variety 
‘Tational of possible adaptations utilizing flexible shafting to drive small rotary 
Voltage or linear actuators singly or in multiples. Dimensions are only 74%” x 
sail ' 4-7/16” x 2%”. Weight: only 3% Ibs. Specifications may be varied to 
of Prob. suit special requirements. 
neering, 
'ech. J, LINEAR ACTUATORS 
ansistor, TYPE D-649: This rugged linear actuator weighs 1334 Ibs., and operates 
I, Feb, with a stroke of 35/16” at .55 inch per second under a working load 
evelop- of 3400 Ibs. normal tension and 8200 Ibs. peak tension on a 28 volt D.C. 
» OR system. Maximum static load is 18,750 Ibs. It has a flexible shaft drive 
<< take-off, load limit switches, non-jamming end stops and a retraction 
stop that adjusts to within % inch. With minimum expense and delivery 
t Tem- time EEMCO's Type D-649 can be supplied for various loads, lengths of 
. Theo- stroke, rates of travel and other characteristics. : 
Oo, pp. 
-coupled TYPE R-149: This unique linear actuator is entirely self-contained; the 
1 to ex- motor, clutch, planetary reduction gear and limit switch are all enclosed 
nt. within the smaller inner cylinder. Type R-149 has an unusually long stroke 
sistance of 9.625” at .3” per second under a normal load of 4000 Ibs. on a 28 volt 
B. F, D.C. system. Maximum operating load is 8000 Ibs., maximum static load, 
Proc 15,000 Ibs. Compact Type R-149 has adjustable load limit switches, non- 
7, 1958, jamming end stops, and a motor that shuts off automatically when end 
stops are reached, or load exceeds a pre-set limit. Weight: 10 Ibs., 5 oz. 
Terms. 
erminol- 
153-156. 
ue PROJECT ENGINEERS Please Note! 
*eisen, 
| 38-151. EEMCO has designed, developed, tested and manufactured 
y using scores of motor and actuator models of various sizes, capaci- 
1's func- ties and specifications. Perhaps one of these can solve a prob- 
tages or Ng lem that now confronts you. Use of it might save precious 
» obtain design, development and testing expense and delivery time. 
ated by In fact, even modification of a present EEMCO model could 
the axis save considerable time and money versus establishment of a 
completely new unit that you now feel must be designed, 
Travel- developed and tested before production and delivery can begin. 
10dorow Please consider this possibility. Your inquiry is invited. 
F-ONR- 
levelop- 
gh volt- 
Chaang 
rold Le- 
1955, 
A Electrical Engineering 
rimental 
electro- 
a and Manufacturing Cor 
verfectly 
tion on 4612 West Jefferson Boulevard, Los Angeles 16, California 
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Proc. IRE, Feb., 1955, pp. 149-161. 58 
refs. 

Photoetched Microwave Transmission 
Lines. Norman R. Wild. Tele-Tech, 
Mar., 1955, pp. 92, 93, 148, 149. USAF- 
NavBuAer-NBS-sponsored development 
of design and fabricational techniques for 
strip type lines, with transitions and test 
equipment for light-weight construction; 
evaluation of the relative merits of paral- 
lel and tri-plate types. 

Oblique-Incidence Pulse Transmission 
Over a 2,360-km Path via the Ionosphere. 
J. W. Cox and Kenneth Davies. Wireless 
Engr., Feb., 1955, pp. 35-41. 

The Propagation of Electronic Space 
Charge Waves in Periodic Structures. 
Olof E. H. Rydbeck and Bertil Agdur. 


AERONAUTICAL 


(Chalmers Tekniska Hégskolans Handl- 
ingar, Nr. 138, 1954.) Acta Polytechnica 
(Stockholm), Elec. Eng. Ser., No. 8 (151), 
1954. 20 pp 


Propagation of Microwave Through an 
Imperfectly Conducting Cylindrical Guide 
Filled with an Imperfect Dielectric. S. kK. 
Chatterjee. J. Indian Inst. Sci., Sect. B, 
Jan., 1955, pp. 1-9. 


Radiographic Investigation of the Sound 
Waves Produced by a Spark Breaking 
Through a Dielectric (Réntgenographische 
Untersuchung der Beim Dielektrischen 
Funkeniiberschlag Auftretenden Schall- 
wellen). Werner Schaaffs and Ferdinand 
Trendelenburg. (Z. fiir Naturf., Weisba- 
den, Mar. 18, 1948, pp. 656-668.) Gt 
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Brit. MOS TIB/T4348, Oct., 1954. 2} 
pp. 14 refs. Translation. 


Wave Propagation 


The Development of an E-Region Mode] 
Consistent with Long Wave Phase Path 
Measurements. Robert E. Jones. J, 
Atmospheric & Terrestrial Phys., Jan, 
1955, pp. 1-17. 32 refs. USAF-sup. 
ported study at The Penn. State U. 

The Numerical Solution of Differential 
Equations Governing Reflexion of Long 
Radio Waves from the Ionosphere. K.G, 
Budden. Proc. Royal Soc. (London), 
Ser. A, Feb. 8, 1955, pp. 516-537. 22 
refs. 


Equipment 


Constant-Frequency A.C. System for 
Aircraft. The Engr., Feb. 4, 1955, pp. 
156-159, cutaway drawing. Design and 
circuit details of the English Electric. 
Sundstrand parallel operation aircraft 
hydraulic-electric system. 

Heater Repair. Douglas Serv., Jan- 
Feb., 1955, pp. 1-16. Maintenance re- 
quirements for cabin and airfoil heaters on 
DC-6 series, including cleaning, testing, 
welding techniques, and exhaust outlet 
flue and downstream crossover and end- 
ring repairs. 


Electric 


Design Considerations When Using 
Glass-to-Metal Hermetically Sealed Ter- 
minals. Andrew Wyzenbeek. Prod. 
Eng., Feb., 1955, pp. 180-186. Applica- 
tions include aircraft electrical switching 
circuits. 


Hydraulic & Pneumatic 


How Rotation Affects Hydraulic Pres- 
sures. Zbigniew Jania and Anthony 
Kushigian. Mach. Des., Feb., 1955, pp. 
180-188. Analysis of the centrifugal ac- 
tion, pressures, and resulting forces; ap- 
plications. 

Investigation into the Mechanics of 
Cavitation. G. Ziegler. (Masch. und 
Warmewirtschaft, Austria, Dec., 1954, pp. 
343-349.) Engr. Dig., Feb., 1955, pp. 
65-68. Tests to determine pressures as 
functions of the flow velocity and air con- 
tent and to study the dynamics of bubble 
formation in flow-type machines. 


Flight Operating Problems 


Cruise Control & Piloting 


Cruise Performance of Jet Aircraft. 
D. C. Whittley. Aero Dig., Feb., 1955, 
pp. 38-40, 42, 46, 48. Graphical analysis 
of theoretical and flight test data on cruise 
control, including effects of Mach Number 
on drag, speed stability boundary, require- 
ments of constant altitudes at specified 
constant speeds under stated conditions for 
best fuel economy, the effect of the cruise 
technique on payloads, wind velocity, and 
route analysis. 


High-Speed Flight 


Problems of High-Speed Flight. Earle 
S. Hodder. (SAE Natl. Meeting, Los 
Angeles, Oct. 5-9, 1954, Paper.) Skyways, 
Feb., 1955, pp. 10-12, 34-37. Review of 


| 
4 
ip 
4 
T 
— 
Md 
4 
bg 


AERONAUTICAL ENGINEERING REVIEW—MAY, 1955 177 


,ondon), 
37, 22 


OO, pp. 
gn and 
‘lectric- 
aircraft 


» 
nce re- 
aters on 
testing, 

outlet 
id end- 


Using 
ed Ter- 
Prod. 


voli: | Transmitters and Monitors of proven accuracy and reliability 


vitching 


SYNCHROTEL TRANSMITTERS To CONTROL a guided missile effectively and 


c Pres- absolutely is a challenging problem with which 


nthony 
55, pp. 
igal ac- 
CS; ap- 


for the remote electrical 
transmission of data such as hundreds of engineers are grappling every day. 
true airspeed, indicated air- ’ . 
speed, absolute pressure, log The solution depends upon the efficiency and 
absolute pressure, differential the reliability of the controlling parts. 


nics of pressure, log differential pres- 
1. und sure, altitude and Mach 


154, pp. number. precision aircraft instruments and equipment 


For over 25 years Kollsman has been making 


55, PP. used on military and commercial aircraft 
ures as 
air con- 
bubble needed for success in this special and challeng- 

ing field are equally necessary in the design and 
PRESSURE MONITORS manufacture of precision controls for missiles. 


throughout the world. The talents and skills 


to provide control signals 
which are functions of alti- 
tude, absolute pressure, dif- 
ferential pressure, etc. for missile control. 


ms Kollsman is presently making Transmitters 


and Monitors of proven accuracy and reliability 
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Brochures are available on the above two products. 


Please write us regarding your specific problems or reauirements in the field 
of missile control. 
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when youre looking for 


golden eggs... 


You have 
to find a 
new goose 


Sometimes very good men 
waste their time in unpro- 
ductive jobs with unimagin- 
ative companies, when they 
should be building their futures 
with a forward-looking organiza- 
tion that wants them to move ahead. 


Fairchild wants good, experienced 


engineers, the sort of men who'll insist 
on the right to progress as fast as their 


abilities warrant. 


Right now, aerodynamists with experience 


in Boundary Layer Control have a 


splendid opportunity with Fairchild to take part in 


Fairchild’s pace-setting research and development 


in this vital field. The right men will be assured good futures, 
high salaries, and plenty of room ahead to progress in. 


Send your resume today to Walter Tydon, Chief Engineer. 


FE ENGINE AND AIRPLANE CORPORATION 


AIRCHILD 
Division 


HAGERSTOWN, MARYLAND 
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design, stability and control, operational} 

and other problems in the use of supersonic 
aircraft. 


Weather & Climate 


Mechanism of High-Speed-Waterdrop 
Erosion of Methyl Methacrylate Plastic, 
Olive G. Engel. (Res. Paper 2565) 
U.S., NBS J. Res., Jan., 1955, pp. 51-59, 
16 refs. Application of experimental find. 
ings to the problem of aircraft damage dur. 
ing high-speed flight through rain. 


Fuels & Lubricants 


Boundary Lubrication of Steel with 
Fluorine- and Chlorine-Substituted Meth. 
ane and Ethane Gases. S. F. Murray, 
Robert L. Johnson, and Max A. Swikert, 
U.S., NACA TN 3402, Feb., 1955. 17 
pp. 16 refs. 

Foaming of a Heavy-Duty Lubricating 
Oil. W.M. Pugh and L. M. Tichvinsky, 
Lubrication Eng., Part 1, Jan.-Feb., 1955, 
pp. 29-34. 26 refs. Experimental tests 
of characteristics for various aircraft and 
other applications. 

Friction Apparatus for Very Low-Speed 
Sliding Studies. I*. Heymann, E. Rabin- 
owicz, and B. G. Rightmire. Rev. Sci. 
Instr., Jan., 1955, pp. 56-58. ONR-spon- 
sored MIT Lubrication Lab. experimental 
study of the stick-slip phenomenon. 

A Simple Demonstration of Flow Type in 
Greases. H.E. Mahncke and W. Tabor. 
Lubrication Eng., Part I, Jan.-Feb., 1955, 
pp. 22-28. Experimental study of the 
radial velocity distribution of a grease flow- 
ing through a tube with a circular cross- 
section to determine the relation of the 
structure as in bearings to the rheological 
properties. 

Ignition-Delay Determinations of Fur- 
furyl Alcohol and Mixed Butyl Mercaptans 
with Various White Fuming Nitric Acids 
Using Modified Open-Cup and Small- 
Scale Rocket Engine Apparatus. Dezso 
J. Ladanyi, Riley O. Miller, and Glen 
Hennings. U.S., NACA RM _ E53E29, 
Feb. 18, 1955. 17 pp. 

On ‘Unstable Burning of Solid Pro- 
pellants.’? Sin-I Cheng. Jet Propulsion, 
Feb., 1955, pp. 79-81. 


Gliders 


Static Strength Tests on an ‘‘Olympic” 
Glider Mainplane Spar. Appendix I— 
Tests on Glued Specimens for Two Dif- 
ferent Gluing Techniques Using Casein 
Cement. Appendix II—Description of 
Failure. I. S. Milligan and A. O. Payne. 
Australia, ARL S&M Note 210, Aug. 
1954. 28 pp. 


Ice Formation & Prevention 


Icing Limit and Wet-Surface Tempera- 
ture Variation for Two Airfoil Shapes 
Under Simulated High-Speed Flight 
Conditions. Willard D. Coles. U.S, 
NACA TN 3396, Feb., 1955. 33 pp. 

The Mechanism of Atmospheric Ice 
Formation. I—The Chemical Composi- 
tion of Nucleating Agents. S. J. Birstein 
and C. E. Anderson. J. Meteorology, 
Feb., 1955, pp. 68-73. 24 refs. USAF 
investigation applied to aircraft icing, ice 
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fog, precipitation, exhaust trails, and 
other operational icing problems. 

A Note on the Workman-Reynolds’ 
Theory of Thunderstorm Charge Genera- 
tion. M. Kano. Papers in Meteorology 
and Geophys., Apr., 1954, pp. 47-53. 
Analysis of the acquisition of charges by 
ice particles falling through a region con- 
taining supercooled water droplets. 


Instruments 


Instrument Simplification. George W. 
Hoover. JAS 23rd Annual Meeting, 
New York, Jan. 24-27, 1955, Preprint 527. 
7 pp. Members, $0.35; nonmembers, 
$0.75. Methodology for display design of 
orientation instruments, taking into ac- 
count the psycho-physiological as well as 
the operational requirements. 


Automatic Control 


Servo Motors for Fast Response. 
Charles T. Button. Elec. Mfg., Feb., 
1955, pp. 133-135. Analysis of funda- 
mental relations in mechanics, with illus- 
trative applicational details of the LORAC 
radiolocation system. 

Some Fundamentals of Automatic Con- 
trolling and Regulating Systems. G. 
Vafiadis. Brown Boveri Rev., June, 1954, 
pp. 209-217. 10 refs. Analysis of prin- 
ciples, concepts, terminology, and tech- 
niques, with design criteria and basic types 
of controller transmission characteristics; 
applications. 


Flight Instruments 


F Instrument Requirements for Civil 
Aircraft. A. M. A. Majendie. J. Inst. 
Navigation, Jan., 1955, pp. 17-25. 

Preliminary Investigation of a Stick 
Shaker as a Lift-Margin Indicator. James 
P. ivant, Jr; U.S., NACA TN 3355, 
Feb., 1955. 19 pp. Experiments with 
simulators to determine the value of using 
frequency or amplitude of vibration of the 
control stick to maintain an optimum lift 
margin below the stall. 


Flow Measuring Devices 


Pulsating-Flow Measurement—A Lit- 
erature Survey. Appendix I—Irreversi- 
bility Effects in Unidimensional Flow 
Equations. Appendix II—Approximation 
Involved in the Quasi-Steady Flow 
Theory. Appendix III—Impedance of 
U-Tube Manometer. A. K. Oppenheim 
and E. G. Chilton. Trans. ASME, Feb., 
1955, pp. 231-244; Discussion, pp. 245- 
248. 94 refs. Review of fundamental 
and developmental aspects and problems, 
with particular applications of pressure- 
differential meters. 

Pulsating Flow Measurement by Vis- 
cous Meters, with Particular Reference to 
the Air Supply of Internal-Combustion 
Engines. L. J. Kastner and T. J. Wil- 
liams. Chartered Mech. Engr., Feb., 1955, 
pp. 102,103. Abridged. 


Gyroscopes 


The Floating Integrating Gyro and Its 
Application to Geometrical Stabilization 
Problems on Moving Bases. Charles S. 
Draper, Walter Wrigley, and Lester R. 
Grohe. IAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 503. 
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99 pp. 27 refs. Members, $0.35; non- 
members, $0.75. 

A Precision Dynamic Balancer (for 
Small Gyroscopes). D. Williamson. 
Electronic Eng., Feb., 1955, pp. 53-59. Me- 
chanical and electrical design details, cali- 
bration, and operation of a nonresonant 
type, with an appraisal of relative merits; 
comparison with resonant types; poten- 
tialities and developmental trends. 


Pressure Measuring Devices 


An Automatic Pressure Recorder for the 
Study of Gas Phase Kinetics. D. Patter- 
son and R. C. Seymour. J. Sci. Instr., 
Feb., 1955, pp. 50, 51. Design and opera- 
tional principles of a device for measuring 
constant volume systems and featuring a 
self-balancing servomechanism applying 
an external pressure equal to the pressure 
in the reaction system, with the magnitude 
of this pressure continuously recorded on 
a pen-chart as a function of time. 


Temperature Measuring Devices 


Temperature Measurements in Low 
Velocity High Temperature Gas Streams. 
G. Srikantiah and A. Ramachandran. 
J. Indian Inst. Sci., Sect. B, Jan., 1955, pp. 
41-57. 24refs. Investigation of methods 
and devices as used for gas turbines and 
jet propulsion in the 600°-2,200°F. range. 


Timing Devices 


Use of the Hot-Wire Anemometer as a 
Triggering and Timing Device for Wave 
Phenomena in a Shock Tube. Darshan 
S. Dosanjh. Rev. Sct. Instr., Jan., 1955, 
pp. 65-70. 13 refs. USAF-NAVORD- 
sponsored development at the Johns 
Hopkins Dept. of Aeronautics; circuit 
design, operational characteristics, and 
potentialities. 


Machine Elements 


Bearings 


Analytical Derivation and Experimental 
Evaluation of Short-Bearing Approxima- 
tion for Full Journal Bearings. George B. 
DuBois and Fred W. Ocvirk. (U.S., 
NACA TN 2808, TN 2809, 1952.) U.S., 
NACA Rep. 1157, 1953. 31 pp. 18 refs. 
Supt. of Doc., Wash. $0.30. 

Cages for High Speed Cylindrical Roller 
Bearings. W. J. Anderson and Z. N. 
Nemeth. Lubrication Eng., Part I, Jan.- 
Feb., 1955, pp. 40-45. 13 refs. Investi- 
gation to evaluate the high-speed per- 
formance and the operational characteris- 
tics of four experimental and two con- 
ventional designs. 

Design Recommendations for Aluminum 
Bearings. J. B. Mohler. Mach. Des., 
Feb., 1955, pp. 189-194. Relative merits 
of various types; applications and poten- 
tialities 

Experimental Investigation of Misalin- 
ing Couples and Eccentricity at Ends of 
Miszlined Plain Bearings. G.B. DuBois, 
F. W. Ocvirk, and R. L. Wehe. U.S., 
NACA TN 3352, Feb., 1955. 81 pp. 
Study of the behavior and operational 
characteristics of full journal bearings 
under steady load acted upon by steady 
misalining couples. 

Functions of Materials in Bearing 
Operation. P. P. Love, P. G. Forrester, 
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and A. E. Burke. IME Auto. Div. Prog, 
No. 2, 1953-54, pp. 29-36; Discussion, pp 
36-42; Author’s reply, pp. 42-44. 15 
refs. Quantitative study of problems 9 
design, selection, and performance factors 
of crankshaft, main, and pin bearings. 


Fastenings 


Titanium Fastener Progress. Andrey 
N. Eshman. Aero. Eng. Rev., Apr, 
1955, pp. 48-50. Review of fabricational, 
design, applicational, and other factor 
with a breakdown of shear and ultimate 
strengths and a cost comparison of tita. 
nium versus steel AN-509 aircraft screws, 


Friction 


The Dissipation of Frictional Heat. 
Blok. Appl. Sct. Res., Sect. A, No. 2-3, 
1955, pp. 151-181. 36 refs. Analysis of 
solid and fluid friction for cases of machine 
parts moving over each other. 


The Friction and the Mechanical Prop. 
erties of Solid Krypton. F. P. Bowden 
and G. W. Rowe. Proc. Royal Soc 
(London), Ser. A, Feb. 15, 1955, pp. 1-9, 
12 refs. British Air Ministry-supported 
experimental investigation of frictional 
behavior of solids. 


Friction Between Unlubricated Metals: 
A Theoretical Analysis of the Junction 
Model. A. P. Green. Proc. Royal Soc. 
(London), Ser. A, Feb. 22, 1955, pp. 191- 
204. 16refs. Extension of the Bowden. 
Tabor theory to study further the deter- 
mination of stresses and deformation in 
junctions, taking into account the effects 
of ductility, hardness, and surface clean- 
liness. 

Recent Studies of Metallic Friction. 
F. P. Bowden. (The 41st Thomas 
Hawksley Lecture to the IME, Dec. 17,1954.) 
Charted Mech. Engr., Feb., 1955, pp. 86- 
101. 20 refs. Analysis of the funda- 
mental mechanism of friction, of the na- 
ture and area of contact of solid surfaces, of 
the friction of nonmetallic solids, of the 
development of low-friction surfaces, sur- 
face temperature of sliding solids, fric- 
tional and mechanical properties of solids 
at very high temperatures, and of rolling 
friction. 


Gears & Cams 


Geometry of Involute Helicoidal Hob 
and GearTeeth. N.J.C. Peres. Austral- 
ian J. Appl. Sci., Dec., 1954, pp. 309-329. 

Hydrodynamic Lubrication of a Cam &4 
Cam Follower. R. Davies. Lubrication 
Eng., Part I, Jan.-Feb., 1955, pp. 37-39. 
Derivation of mathematical equations to 
calculate the minimum oil thickness and 
maximum oil pressure for cam profiles of 
internal combustion engines. 


Plate Cam Design, With Emphasis on 
Dynamic Effects. M. Kloomok and R.V. 
Muffley. Prod. Eng., Feb., 1955, pp. 
156-162. Analytical design data with 
tables, charts, and graphs for profile syn- 
thesis to minimize inertial forces in high- 
speed operations. 

Precision Gearing. I[—Antibacklash 
Devices and Backlash Calculation. G. W. 
Michalec. Mach. Des., Feb., 1955, PP. 
200-209. Methods of gear design analy- 
sis for high-performance requirements 1 
control and other applications 
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AMERICAN 


THE GREATEST NAME IN 


Inertia Reels! 


American Seating Company produced the first Inertia Locking Shoul- 
der Harness Safety Reel, and has been chief supplier to the Armed For- 
ces since 1945. Continuing research and constant improvement have 
kept American Reels in the lead, designed to meet the exact weight, 
size, and performance requirements of modern ejection seats, and cap- 
sule or pod applications. These life-saving reels are also available for 
commercial planes. Our engineers will be pleased to consult with you 
on any inertia reel problem. Write to us—no obligation. 
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@ All Capacities 


in inch grams 
...inch ounces 
...inch pounds 
... foot pounds 


Every manufacturer, 
design and production 

man should have this valu- 
able data. Sent upon request. 
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Mechanisms & Linkages 


Complex Variable Method for Synthesis 
of Four-Bar Linkages. N. Rosenauer. 
Australian J. Appl. Sci., Dec., 1954, pp. 
305-308. 

Designing Four-Bar Linkages. 
C. Dunk. Mach. Des., Feb., 1955, pp. 
195-199. <A graphical method utilizing a 
function generator to draw readily an atlas 
of input-output curves on Cartesian coor- 
dinates. 

Link Mechanisms in Modern Kinemat- 
ics. Paul Grodzinski and Ewen M’Ewen. 
IME Proc., No. 37, 1954, pp. 877-888; 
Communications, pp. 889-895; Author's 
reply, 895, 896. 96 refs. Analysis and 
synthesis of mechanisms and linkages for 
basic and particular applications, with a 
comprehensive review of the literature. 


Allan 
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Rotating Discs & Shafts 


The Critical Whirling Speeds and Nat- 
ural Vibrations of a Shaft Carrying a 
Symmetrical Rotor. E. Downham. Gt. 
Brit, ARC R&M 2854 (Dec., 1950), 
1954. 13 pp. BIS, New York. $1.00. 

Flexible Shafts for Power Drives and 
Remote Control. C. Hotchkiss, Jr. Prod. 
Eng., Feb., 1955, pp. 168-177. Basic de- 
sign criteria of selection factors for cores, 
casings, and terminals in illustrative ma- 
chine applications and problems. 

Mechanical Tests on Rubber Sealing 
Rings for Rotating Shafts. J. Lein. 
(Konstruktion, Oct., 1954, pp. 384-389.) 
Engr. Dig., Feb., 1955, pp. 59-61. 

Teoria Wywazania Wirnikéw Nieodk- 
sztatcalnych (Theory of Rigid Rotor Bal- 
ancing). Andrzej Piechota. Arch. Bud- 
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SAVE SPACE — a direct alignment in re- 


mote control or power trans- 
mission around corners. 


SAVE PARTS—less working units needed 


in this simple direct group- 
ing. 
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tion—lower cost of main- 
tenance. 


Write on your letterhead for our 
latest Flexible Shaft Manual. 


EW. STEWART CORP 


A Subsidiary of the S.S. White Dental Mfg. Co. 
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1638 So. FLOWER STREET - LOS ANGELES 15, CALIFORNIA 
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owy Maszyn (Warsaw), No. 3, 1954, pp. 
293-307. In Polish, with summaries ip 
English and Russian 

Zagadnienie Dynamicznego SprzeZenia 
Drgan Skretnych z Gietnymi w Przypadky 
Szybko Obracajacego sie Watu Korbowego 
(Dynamically Coupling of the Torsion. 
Vibrations with the Bending-Vibrations of 
a Fast Rotating Crankshaft). Jerzy 
Leyko. Arch. Budowy Maszyn (Warsaw), 
No. 3, 1954, pp. 273-292. In Polish, with 
summaries in English and Russian. 


Materials 
Corrosion & Protective Coatings 
Gaseous Metallic Diffusion; French 
Research Work at O.N.E.R.A. P. Gal- 


miche. Metal Treatment, Feb., 1955, pp. 
79-81. Chromisation Brillante technique 
for deposition of chromium from the gase- 
ous phase; application to the protection 
of jet engines and components against cor- 
rosion and hard wear and to improve re- 
sistance to combustion gases at high tem- 
peratures. 

Intergranular Corrosion of High-Purity 
Aluminum in Hydrochloric Acid. I— 
Effects of Heat Treatment, Iron Content, 
and Acid Composition. M. Metzger and 
J.Intrater. U.S., NACA TN 3281, Feb. 
1955. 38pp. 18refs. 

Relation Between Roughness of Inter- 
face and Adherence of Porcelain Enamel 
to Steel. J.C. Richmond, D. G. Moore, 
H. B. Kirkpatrick, and W. N. Harrison. 
(U.S. NACA TN 2934, 1952.) US, 


NACA Rep. 1166, 1954. 9 pp. 18 refs. 
Supt. of Doc., Wash. $0.15. 
Metals & Alloys 

A Dictionary of Metallurgy. XXX— 


Pa-Pe. A.D. Merrimanand J.S. Bowden. 
Metal Treatment, Feb., 1955, pp. 65-71. 

The Effect of Fluid Pressure on the 
Shear Properties of Metals. B. Cross- 
land. IME Proc., No. 40, 1954, pp. 935- 
944; Communications, pp. 944-946. 18 
refs. 

Enthaply and Specific Heat of Four 
Corrosion-Resistant Alloys at High Tem- 
peratures. Thomas B. Douglas and 
James L. Dever. (Res. Paper 2560.) 
U.S., NBS J. Res., Jan., 1955, pp. 15-19. 
12 refs. Experimental study with 80 Ni- 
20 Cr, Monel, and stainless steel types 347 
and 446 at 0°-900°C. 

Heat Resistant Cast High Alloys. C.K. 
Lockwood. Prod. Eng., Feb., 1958, pp. 
163-167. Fundamental data on rupture 
and creep strength, corrosion resistance, 
and other characteristics for atmospheres 
between 1,200°-2,150°F. of Fe-Cr-Ni 
alloys; applications include centrifugally 
cast jet-engine rings and other compo- 
nents. 

Internal Friction of Metal Single Crys- 
tals. Johannes Weertman. J. Appl. 
Phys., Feb., 1955, pp. 202-210. 33 refs. 
NRL study of the behavior of metals, with 
semiquantitative calculations using dis- 
location models based on Nowick’s quali- 
tative theory for cold-worked metal 
crystals. 

Nodular Cast Iron—its Present Position 
and Future Prospects as an Engineering 
Material, with Special Reference to its 
Suitability for Crankshafts. S. B. Bailey. 
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[ME Proc., No. 24, 1954, pp. 643-657; 
Discussion, pp. 657-665, 676-678; Com- 
munications, pp. 665-668; Author’s reply, 
pp. 668-676. 12 plates. 48 refs. 


Nonmetallic Materials 


The Effects of Time, Temperature, and 
Environment on the Mechanical Proper- 
ties of Polyester-Glass Laminates. B. B. 
Pusey and R. H. Carey. ASTM Bul., 
Feb., 1955, pp. 54-58. 14 refs. 

Foamed Isocynates; Formation, Prop- 
etties, Applications. Kenneth P. Sat- 
terly. Prod. Eng., Feb., 1955, pp. 140- 
143. Analysis of the physical, mechanical, 
and other characteristics, including ex- 
cellent thermal insulation qualities, high 
strength with low density, strong resistance 
tomoisture, and adaptability to varied de- 
signs. 

Glass-Premix Compounds for Molded 
Parts. Roger White. Elec. Mfg., Mar., 
1955, pp. 118-125. Analysis of the prop- 
etties of glass fibers, resins, and fillers for 


insulating and structural uses; applica- 
tions. 
Heat-Resistant Allyl Resins. Howard 


W. Starkweather, Jr., Arnold Adicoff, and 
Frederick R. Eirich. IJnd. & Eng. Chem., 
Feb. 1955, pp. 302-304. Abridged. 
Study of basic properties and adaptability 
towithstand temperatures to 200° C.; ap- 
plications include aircraft glazing. 

Some Dynamic Mechanical Properties 
of Polyisobutylene over a Wide Tempera- 
tue Range. D. A. Thomas and D. W. 
Robinson. Brit. J. Appl. Phys., Feb., 
1955, pp. 41-48. Extension of an NBS 
investigation using a cantilever resonance 
method to measure the complex Young's 
modulus. 

Viscoelasticity of Polymethyl Methacry- 
late—an Experimental and Analytical 


Study. J. K. Knowles and A. G. H. 
Dietz. Trans. ASME, Feb., 1955, pp. 
177-184; Discussion, pp. 185, 186. 21 


refs. Analysis of mechanical properties, 
with experimental determination of static 
tensile stress-strain data under different 
conditions and a correlation of static be- 
havioral characteristics of two varieties of 
methacrylate using an extension of the 
Boltzmann-Volterre theory of elastic after- 
elects to predict creep and constant-strain- 
tate curves from stress relaxation data 


Testing 


Compressive Stress-Strain Properties of 
Thin Sheet Material. K. C. Rockey and 
F. Jenkins. The Engr., Feb. 11, 1955, pp. 
190, 191. Descriptive evaluation of an 
NBS-developed testing rig. 

Dynamic Behaviour of Linear Rheologi- 
tal Bodies Under Periodic Stresses. S. 
Imay. Quart. J. Mech. & Appl. Math., 
Dec., 1954, pp. 399-409. 

Generalised Stress-Strain Data for 
Aluminium Alloys and certain other Ma- 
terials. Anthony J. Barrett and Maureen 
E. Michael. J. RAeS, Feb., 1955, pp. 
182-158. Includes test data for alu- 
minum, titanium, and magnesium alloys. 

Microspectrographic Analysis of Metals 
and Alloys. J. Descamps. (La Recherche 
Aéronautique, Mar.-Apr., 1953, pp. 39-49.) 
Gt, Brit. RAE Lib. Trans. 498, Dec., 
1954. 21 pp. 31 refs. Study of a semi- 
quantitative and qualitative testing 
method to deal with metallurgical prob- 
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lems of segregation, inclusions, grain 
boundaries, precipitation, ageing, and dif- 
fusion; comparison with other tech- 
niques; applications. 

Ptaszczyzny Poslizg6w i Pekania Pos- 
lizgowego (Slide Planes and Slide-Crack- 
ing Planes). Tadeusz Peltczyfski. Arch. 
Budowy Maszyn (Warsaw), No. 4, 1954, 
pp. 445-457. 12 refs. In Polish, with 
summaries in English and Russian. Ex- 
perimental tests on the deformation and 
fracture of solids. 

The Study, by Electron Diffraction, of 
Certain Reactions and Surface Structures 
in the Case of Metals (Method of Grinding 
in Vacuo). Robert Courtel. (Met. & 
Corrosion, Nos. 297-298, 299-300, 1950.) 
Gt. Brit., RAE Lib. Trans. 495, Nov., 
1954. 46pp. 50refs. 

Theory of Elasticity and Consolidation 
for a Porous Anisotropic Solid. M. A. 
Biot. J. Appl. Phys., Feb., 1955, pp. 
182-185. Extension of the theory cover- 
ing isotropic materials, with analysis of the 
cases of transverse and complete isotropy. 


Mathematics 


Analysis of Nonlinear Systems with 
More than One Degree of Freedom by 
Means of Space Trajectories. Y.H. Ku. 
J. Franklin Inst., Feb., 1955, pp. 115-1381. 
14refs. Development of an n-dimensional 
phase-space method for the solution of an 
n-th order nonlinear differential equation 
or of » first-order differential equations 
involving m dependent variables and 
hence having » degrees of freedom. 

Die Einschliessung von Eigenwerten 
hermitescher Matrizen beim Iteration- 
sverfahren. E.Kreyszig. ZAMM, Dec., 
1954, pp. 459-469. In German. Numer- 
ical method based on a theory of Wielandt 
to include intervals for the eigenvalues of a 
given Hermetian matrix by means of a 
given iterative sequence of vectors. 

Further Statistical Problems Connected 
with the Solution of a Simple Non-linear 
Partial Differential Equation. J. M. 
Burgers. Netherlands, Koninklijke Ne- 
derlandse Akademie van Wetenschappen, 
Proc. Ser. B, No. 2, 1954, pp. 159-169. 
Reprint. 

Some Notes on the Theory and Applica- 
tion of Rank Order Statistics. I. Ralph 
Allan Bradley. Ind. Quality Control, Feb., 
1955, pp. 12-16. 12 refs. 

The Stability of the Runge-Kutta 
Method of Solution of Linear Differential 
Equations. R. H. Merson. Gt. Brit., 
RAE TN GW 320, June, 1954. 12 pp. 

The Theory of Generalized Functions. 
G. Temple. Proc. Royal Soc. (London), 
Ser. A, Feb. 22, 1955, pp. 175-190. A 
simplified self-contained account of the 
theoretical basis as applied to Fourier 
series and integrals. 


Meteorology 


Exploration of the Jet Stream by Air- 
craft During the 1952-1953 Winter. Her- 
bert Riehl, F. A. Berry, and H. Maynard. 
J. Meteorology, Feb., 1955, pp. 26-35. 
NavBuAer AROWA Project investigation 
to determine the horizontal wind structure 
of jet streams, with an analysis of maxi- 
mum speeds encountered, lateral shears on 
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both sides of the jet axis, the distribution of 
turbulence, and the relation between ob- 
served winds and gradient-wind calcula- 
tions 

The Low-Level Jet Phenomenon. Al- 
fred K. Blackadar. IAS 23rd Annual 
Meeting, New York, Jan. 24-27, 1955, Pre- 
print 519. 11 pp. Members, $0.35; 
nonmembers, $0.75. Analysis of the de- 
velopment and characteristics of the sharp 
maximum of the wind profile occurring at 
the top of nocturnal inversion at less than 
5,000 ft. above the ground. 

A New Radio-telemetering Apparatus 
for Measuring Raindrop-size. M. Fuji- 
wara. Papers in Meteorology & Geophys., 
Apr., 1954, pp. 40-46. Test flights to 
develop balloon-borne instruments to 
study atmospheric rain and cloud forming 
processes 

Report of an Experiment in Forecasting 
of Cyclone Development. Sverre Petter- 
ssen, Gordon E. Dunn, and L. L. Means. 
J. Meteorology, Feb., 1955, pp. 58-67. 
USAF-sponsored study at the U. of Chic- 
ago. 

The Size Distribution and Aging of Na- 
tural Aerosols as Determined from Elec- 
trical and Optical Data on the Atmosphere. 
Christian Junge. J. Meteorology, Feb., 
1955, pp. 13-25. 31 refs. 

Time Constants of Radiosonde Ther- 
mistors. Elio Sion. Bul. AMS, Jan., 
1955, pp. 16-21. Experimental measure- 
ments to determine the effect of time con- 
stant versus air speed, with pressure and 
the corresponding average ambient at- 
mospheric temperature as parameters. 


Military Aviation & Armament 


The Air Research and Development 
Team. Thomas S. Power. Aero. Eng. 
Rev., Apr., 1955, pp. 40-42, 47. Appraisal 
of the USAF role in scientific research, re- 
quirements of long-range planning of wea- 
pon systems, and the need for cooperation 
between governmental and private agen- 
cies to achieve technological ‘‘qualitative 
superiority.” 


Missiles 


Stationary Rocket Trajectories. D. F. 
Lawden. Quart. J. Mech. & Appl. Math., 
Dec., 1954, pp. 488-504. Theoretical 
calculation as applied to the problem of 
the optimum programming of fuel expen- 
diture to achieve a given height with a 
rocket ascending vertically from the 
earth's surface subject to uniform gravity 
and air resistance proportional to the 
square of its velocity. 

Pilotless Aircraft; A Statement of the 
Problems. Curtis L. Bates. Aero. Eng. 
Rev., Apr., 1955, pp. 56-58. Appraisal of 
various factors covering design, airframe, 
propulsion, guidance systems, launching 
equipment, and other requirements. 

Aerodynamic Design of a High-Altitude 
Rocket. A. W. Peppers. Aero. Eng. 
Rev., Apr., 1955, pp. 48-47. Basic data 
on configuration, performance, control and 
stability, structural, engine, and other 
characteristics of the Viking RTV-N-12a 
series with an XLR10-RM-2 power plant 
for research at altitudes between 100 and 
200 miles 


Some Recent Aerodynamic Techniqug 
in Design of Fin-Stabilized Free-Fligy 
Missiles for Minimum Dispersion. y 
W. Hunter, A. Shef, and D. V. Black. J4; 
Annual Meeting, New York, Jan. »% 
1955, Preprint 543. 29 pp. 


Navigation 


The Newest Instruments for Astronop. 
ical Navigation. Victor E. Carbonay 
IAS 23rd Annual Meeting, New Yor 
Jan. 24-27, 1955, Preprint 533. 8 pp 
Members, $0.35; nonmembers, $075 
Evaluative appraisal of the design an 
operational characteristics of the Photo. 
electric Automatic Sextant and the Sty 
Data Computer systems. 

Thirty Years of Celestial Air Navigation, 
Antoine Bastide. JInteravia, No. 2, 1955, 
pp. 126, 127. Abridged. Analysis o 
fundamental principles, methods, 
instrumentation. 


Noise Reduction 


Experiments to Determine Neighbor 
hood Reactions to Light Airplanes with 
and Without External Noise Reduction, 
Fred S. Elwell. (U.S., NACA TN 27%, 
1952.) U.S., NACA Rep. 1156, 1953 
43 pp. Supt. of Doc., Wash. $0.40. 

The Influence of Turbojet Engine De 
sign Parameters on Noise Output. D. 
M. A. Mercer and Ira Dyer. JAS 23rd 
Annual Meeting, New York, Jan. 24-2%, 
1955, Preprint 544. 11 pp. Members, 
$0.35; nonmembers, $0.75. 

Recent NACA Investigations of Noise 
Reduction Devices for Full-Scale Engines. 
Edmund E. Callaghan, Newell D. Sanders, 
and Warren J. North. JAS 23rd Annual 
Meeting, New York, Jan. 24-27, 1953, 
Preprint 515. 7 pp. Members, $0.35; 


75 


nonmembers, $0.75. 


Photography 


A Logarithmic Photocell Circuit. V.H. 
Attree. J. Sci. Instr., Feb., 1955, pp. 41, 
42. 14 refs. Development of the Cintel, 
type VA16 for the measurement of light 
intensity or photographic transmission 
applicable to fluid motion and other re- 
search. 


Power Plants 


Development of a Compression Appara- 
tus and Studies on Heat Transfer and 
Combustion of Rapidly Compressed 
Oscillating Gases. I. H. A. Havemann. 
J. Indian Inst. Sci., Sect. B, Jan., 1955, pp. 
58-102. 35refs., 10 plates. Analytical 
investigation of the combustion processes 
at the Inst. for Aero Engine Technics, 
Brunswick Tech. U. and at the Res. 
Estab. for Aeronautics, Vélkenrode, W. 
Germany. 

On Strong Transverse Waves Without 
Shocks in a Circular Cylinder. Stephen 
H. Maslen and Franklin K. Moore. JAS 
23rd Annual Meeting, New York, Jan. 
24-27, 1955, Preprint 547. 37 pp. 
refs. Members, $0.35; nonmembers, 


$0.75. Application to the study of pres- 
sure oscillations of large ampiitude im 
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Preprints of 23rd Annual Meeting Papers Currently Available 


Reliability and Safety as Design Param- 
eters—William Stieglitz. 


The Dynamic Response of a Large Air- 
plane to Continuous Random Atmos- 
pheric Disturbances—Franklin W. 
Diederich. 


On Strong Transverse Waves Without 
Shocks in a Circular Cylinder—S. H 
Maslen & F. K. Moore. 


Notes on the Effect of Extreme Oper- 
ating onditions on Helicopter 
Blade Flapping—Robert J. Tapscott 
and F. B. Gustafson. 


Analog Equipment for Processing Ran- 
domly Fluctuating Data—Francis B. 
Smith. 


The Influence of Turbojet Engine De- 
sign Parameters on Noise Output— 
D.M. A. Mercer & Ira Dyer. 


Some Recent Aerodynamic Techniques 
in Design of Fin-Stabilized Free- 
Flight Missiles for Minimum Disper- 
sion—M. W. Hunter, A. Shef, and 
D. V. Black. 


Balance Method Applied to Swept- 
Wing Stress-Analysis—Luigi Broglio. 


Flight Research Utilizing Variable Sta- 
bility Aircraft—W. O. Breuhaus. 


Elasto-Plastic Bending of Beams on 
Elastic Foundations—Paul Seide. 


Coupled Bending and Torsional De- 
formations of Twisted Rotating Blades 
Under Arbitrary Loading—John C 
Houbolt. 


Application of Electronic Simulation 
Techniques to the Development of 
Airplane Flight Control Systems— 

R. Monroe. 


The Control of Turbojet Engines— 
Donald F. Winters. 


A_ Review of High-Altitude-Cabin- 
Pressurization Design Criteria Related 
to Future Transport Operations—L. 
M. Hitchcock. 


Aircraft Design and Mission Com- 
patibility—Frederick M. Gloeckler. 


Direct Use of Rotating-Beam Ceilometer 
and Transmissometer in the Reporting 
of Ceiling and Visibility—R. C. 
Wanta, and A Flight Investigation of 
the Performance of Low Ceiling 
Visibility Measuring Equipment— 
R. P. Snodgrass. 

The Newest Instruments for Astronom- 
ical Navigation—Victor E. Carbo- 
nera. 


Escape from High Speed Aircraft— 
Richard H. Frost. 


Before Afterburners—Frank F. Rand, Jr. 


A Compass Controlled Directional 

yro System for Today's Fighter 

Aircraft—Haerold E. Trekell & Harold 
S. Whitehead. 


Base Pressure Studies in Rarefied Super- 
sonic Flows—L. L. Kavanau. 


What Can Electronic Simulators Do for 
the Missile Designer— 


Instrument Simplification—George W. 
Hoover. 


Design Safety Aspects of the Boeing 
707 Jet Transport—E. W. Norris. 


Floyd E. Nixon. 
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Fluid Dynamic Effects at Speeds from 
M 11 to 15—Seymour M. Bogdonoft 
and Andrew G. Hammitt. 

Dynamic Derivatives in Yaw and Side- 
slip of Thin Wings at Supersonic 
Speeds—T. R. Goodman. 

Automatic Flight Control in Air Trans- 
portation—M., ould Beard and 
Percy Halpert. 

A Wider Choice of Missile Control 
Instrument Functional Characteristics 

. Muzzey and V. J. Sims. 
Stability of a Flexible Helicopter Rotor 
ade in Forward Flight—Yechiel 
Shulman. 

NACA Applications of Variable- 
Stability Airplanes in Lateral-Sta- 
bility Research—William M. Kauff- 
man and Fred J. Drinkwater Ill. 

The Low-Level Jet Phenomenon— 
Alfred K. Blackadar. 

Free-Flight Measurements of Skin Fric- 
tion of Turbulent Boundary Layers 
with High Rates of Heat Transfer at 

High Supersonic Speeds—Simon C. 
Sommer and Barbara J. Short. 

Aerodynamic Design of Helicopters— 
K. D. Wood. 

A Review of Methods for Predicting 
Helicopter Longitudinal Response— 
L. Kaufman and K, Peress. 

Automatic Feedback Control and All- 
Weather Flying—D. Graham & R. C. 
Lathrop. 

The Design and Testing of Supersonic 
Flutter Models—John F. McCarthy, 
Jr., and Robert L. Halfman. 

Automatic Flight Control Requirements 
—Frank R. Cook. 

Problems of Aircraft Construction for 
Electronic Magnetometer Survey or 
Detection—H. C, Wroton. 

A Method for Predicting Lift Efective- 
ness of Spoilers at Subsonic Speeds— 
Arthur L. Jones, Owen P. Lamb, and 
Alfred E. Cronk. 

An Approach to the Flutter Problem in 
Real Fluids—N. Rott and M. B. T. 
George. 

Kaman Hydra- Clutch— 

W.N. Stone and N. R. Richmond. 

The Matric Solution of Certain Non- 
linear Problems in Structural Analy- 
sis—Paul H. Denke. 

Response Matrix Method of Rotor Blade 
Analysis—Alex Berman. 

Simplified Magnesium Airframe De- 
sign—J. P. Donald Garges. 

Design of Structural Models, with Ap- 
plication to Stiffened Panels Under 
Combined Shear and Compression— 
P. E. Sandor#. 

The Divergence of Supersonic Wings 
Including Chordwise Bending—M. 

Biot. 

An Investigation of the Flutter Charac- 
teristics of Compressor and Turbine 
Blade Systems—Chi-Teh Wang, 
Frank Lane, and Robert J. Vaccaro. 

Aerodynamic Influence Coefficients 
for an Oscillating Finite Thin Wing 


in Supersonic Flow—Tea Li. 


Experimental Pressure Distributions on 
Oscillating Low Aspect Ratio Wings 
—Williem R. Laidlaw and Robert L. 
Halfman. 
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Put Yourself | 


This is Fairchild Engine Division’s new Advanced Engine 
Test Laboratory at Deer Park, L. I. It houses the newest, most modern 
equipment for the development of powerplants of radically new design, 
utilizing entirely new fuels and propulsion systems. 


Capable, experienced and imaginative engineers will find 

here America’s. finest facilities for advanced propulsion 

system test work — as well as unparalleled opportunity to see their 
own good ideas realized and rewarded. 


Put yourself where the great things are happening in propulsion system 
development. Right now, Fairchild wants experienced, capable men 
in these fields: 


Design engineering Aerodynamics 
Project engineering Thermodynamics 
Installation engineering Stress analysis 


Write to me today: Felix Gardner 
Fairchild Engine Division, Farmingdale, L. I. 
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combustion chambers of rocket and jg 
engines. 


Jet & Turbine 


The Control of Turbojet Engines. Do. 
ald F. Winters. JAS 23rd Annual Mee 
ing, Los Angeles, Jan. 24-27, 1955, Pr. 
print 537. 7 pp. Members, $0.35; nop. 
members, $0.75. Evolutionary appraisg 
of complex control requirements, fune. 
tions, design criteria, instrumentation, 
operational factors, and related problems 

The Free-Piston-and-Turbine Cop. 
pound Engine—A Cycle Analysis 
A. L. London. Trans. ASME, Feb, 
1955, pp. 197-207; Discussion, pp. 207- 
210. 10 refs. Simplified algebraic for. 
mulation based on the assumption of per. 
fect-gas behavior with suitably averaged 
specific-heat magnitudes, taking into ac. 
count the influence of compressor, tur. 
bine, and mechanical “‘inefficiencies” as 
well as the effects of valve-pressure drops 
and coolant-jacket heat transfer. 

Convective Heat Transfer to Gas Tur 
bine Blade Surfaces. D. G. Wilson and 
J.A. Pope. IME Proc., No. 36, 1954, pp 
861-874; Communications, pp. 875, 876 
21 refs. Application to cooling problems 

A Novel Cooling Method for Gas Tur- 
bines. Edward Burke and G. A. Ken- 
eny. Trans. ASME, Feb., 1955, pp 
187-194; Discussion, pp. 194, 195. 28 
refs. Theoretical and experimental in- 
vestigation at 1,150°-2,350° F. of a di- 
rect water-spray technique for cooling of 
rotor blades; comparison with other 
methods. 

Air Driven Afterburner Fuel Pump Re- 
duces System Weight. M. C. Toth 
Aero Dig., Feb., 1955, pp. 58, 60. Design, 
operational, control, and other features. 

O Wielkosci Kropelek w Rozpylonym 
Paliwie (On Droplet Distribution in 
Sprayed Fuel). Jan Oderfeld. Arch. Bu- 
dowy Maszyn (Warsaw), No. 3, 1954, pp 
363-369. In Polish, with summaries in 
English and French. A  nomographic 
method based on the Rosin-Rammler 
function 


= 1 — 


to determine the distribution of droplets 
mechanically sprayed into a gas turbine 
engine. 

Before Afterburners. Frank F. Rand, 
Jr. IAS 23rd Annual Meeting, New York, 
Jan. 24-27, 1955, Preprint 531. 16 pp 
Members, $0.35; nonmembers, $0.75. 
Development of a cruise-engine design and 
evaluation of the relative merits of adding 
heat to a basic engine in an afterburner or 
high-temperature combustor upstream of 
the turbine. 

Reheat for Gas Turbines. J. L. Ed 
wards. J.RAeS, Feb., 1955, pp. 127-146; 
Discussion, pp. 146-149; Author's reply, 
pp. 149-150. Developmental review of 
experimental investigations of the thrust 
augmentation problem, including engine 
factors, diffusion, stabilization, and com- 
bustion techniques, fuel systems, and oper- 
ational and design requirements for partic- 
ular applications. : 

Schubvermehrung durch Strahlmis- 
chung. Zb. Plaskowski. ETH Inst. fir 
Aerodynamik (Zurich), Mitteilungen 21, 
1954, pp. 36-55. 33 refs. In German. 
Theoretical and experimental analysis of 
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F. Rand, 
Vew York, 

16 pp 
, $0.75 
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J. L. Ed- 
127-146; 
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review of 
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ng engine 
and com- 
and oper- 
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strahlmis- 
Inst. fir 
ingen 21, 
German 
nalysis of 


jerodynamic thrust augmentation to de- 
termine the value of an augmentor to assist 
in take-off, taking into account practical 
problems of optimum mixing pipe length 
and design distribution of four driving jet 
nozzles. 


Reciprocating 
Internal Combustion Engines. II. 
Keith A. Carlson. Mach. Des., Feb., 


1955, pp. 167-177. Design, basic opera- 
tional principles, and other characteristics, 
with selection factors for particular ap- 
plications. 


Rocket 


One-Dimensional, Steady Flow With 
Mass Addition and the Effect of Combus- 
tion Chamber Flow on Rocket Thrust, 
With a Supplement on the Integration of 
the Burning Equation. E. W. Price. Jet 
Propulsion, Feb., 1955, pp. 61-66, 78. 
10 refs. 

Prospects and Problems of Rocket Pro- 


pulsion for Aircraft. A. D. Baxter. 
RAeS Paper, Feb. 10, 1955.) The Engr., 
Feb. 18, 1955, pp. 246-249. Abridged. 


(Also in Flight, Feb. 18, 1955, pp. 197 

901.) Analytical and developmental sur- 
vey of design and performance factors re- 
lated to starting, thrust control, thrust- 
weight ratios, acceleration and speed, and 
fuel supply of rocket motors used for aux- 
iliary assisted take-off and climb-boosting 
or as the main power plant; comparative 
evaluation of air-swallowing types of en- 
gines and rocket-ramjet duct design com 
binations. 


Production 


Metalworking 


Effect of Initial Heat-Treatment on the 
Response of a Steel to Induction Harden- 
ings H. Allsop. Metal Treatment, Feb., 
1955, pp. 47-50, 53. 

Hot Formed Magnesium Skins Save 
Weight and Time. R. H. Owen. Aero 
Dig., Feb., 1955, pp. 52, 54, 56. Fabrica- 
tional experience on the Beechcraft Bon- 
anza. 

Machining Titanium. I—Drilling and 
Turning Tests: Tool Life. J. T. D. 
Holt and J. Purcell. Aircraft Prod., 
Feb., 1955, pp. 60-64. Cranfield experi- 
mental investigation of various aspects of 
the machining process on Ti-150A alloy in 
the forged state. 

Plaster Mold Casting. R. B. Anderson. 
Prod. Eng., Feb., 1955, pp. 193-199. 
Analysis of the characteristics and relative 
merits of the process, mechanical and de- 
sign requirements, casting materials, and 
comparison to other techniques; applica- 
tions. 

Problems of Forging with Special Ref- 
trence to Light Alloys. G. W. Richards. 
Metal Treatment, Feb., 1955, pp. 72-76. 
Review of stringent aircraft requirements 
and problems, with quality control factors. 

Quenching Conditions; An Investiga- 
tion of Temperature Changes in Large 
High - Strength Light - Alloy Specimens. 
Aircraft Prod., Feb., 1955, pp. 72-79. 

‘Redux’? Bonding. IV—Equipment of 
“Redux”? Bonded Components. V—In- 
Spection of ‘‘Redux’’? Bonded Joints. 
Aero Res., Ltd. J. SLAE, Jan., Feb., 
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AERONAUTICAL 
ELECTRONICS 


Frequency control in guided 
missiles and in airborne com- 
munications requires an ad- 


vanced degree of design and 
craftsmanship. That’s why 
Bliley crystals, crystal ovens, 
and custom built oscillator as- g 
semblies are first choice for both 


prototypes 


and prod 
tion. If 
want it 
better, calf 
Bliley. 


Bliley crystals fly with the 
famous ‘‘Matador’’ pilot- 
* less bomber built by the 
Martin Company, Balti- 
more. 


ILEY ELECTRIC COMPANY 
STATION BUILDING : ERIE, PENNSYLV 
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Cut Coupling Size 


and Weight with 


RUBBER TECK’S 


RIGID, LIGHTWEIGHT, STAINLESS STEEL 


DUCT CONNECTOR 


Proven and accepted in the aviation industry because of its 
compactness and weight economy. Now available for all 
industries requiring rigid but lightweight connectors. Easy 
to install. Gases, liquids or semi-liquids can be handled to 
advantage. Available in aluminum for tube sizes 44” to 


2%” and in stainless steel 4” to 4” O.D. 


OTHER RUBBER TECK PRODUCTS: Flexible Breakaway Connectors * Duo- 
Seals ¢ Flexible Hot Air Duct Connectors @ Flexible Fluid Line Connectors 


RUBBER TECK, ine. GARDENA, CALIFORNIA 


ENGINEERING SERVICE REPRESENTATIVES: es 


RUBBER TECK SALES & SERVICE CO. 
8479 Higuera St., Culver City, Calif. 
Texas 0-6836 

5439 Harford Rd., Baltimore, Md. 
Clifton 4-9671 

60 East Bridge St., Berea, Ohio 
Berea 4-7837 


... How to use the world’s 
smallest, lightest coax 


MICRODOT 


1826 FREMONT AVENUE 
SO. PASADENA »* CALIF 


THOMSON ENGINEERING SERVICE 
554 Summit, Fort Worth, Texas 
723 Broadway, Wichita, Kansas 


4378 Lindell, St. Louis, Missouri 
RANDALL ASSOCIATES, INC. 
Room 203, White Bldg. 


Seattle, Wash. 


\ 


PICKERING 
solenoids 


Pickering engineering service is available 
for special applications where Pickering 
standard Solenoids do not apply. 


PICKERING & CO. Inc. 


Vanufacturer 


elect 
cartr 


Oceanside. L. 


graph 
vent 


New York 


For details and literature address Department A 


REVIEW 


=MAY, 


1955, pp. 3-5; 7-9. 


Appraisal of rey 
tive merits, joint properties, fabricationg 
techniques, and other factors as applied, 
aircraft uses. 

The Shear Stress in Metal Cutting 


M. C. Shaw and lain Finnie. Tran; 
ASME, Feb., 1955, pp. 115-123: Dis. 
cussion, pp. 123-125. 39 refs. Quant. 


tative analysis of factors influencing cyt 
ting shear stress, including normal stress oy 
the shear plane, shear-plane temperatur 
high rates of strain, and the size of th 
material deformed. 


Production Engineering 


Aircraft Design and Mission Compat. 
bility. Frederick M. Gloeckler. [45 
23rd Annual Meeting, Los Angeles, Jay 
24-27, 1955, Preprint 535. 7 pp. Men. 
bers, $0.35; nonmembers, $0.75. De. 
velopment of a practical operations analy. 
sis technique for the planning of futur 
designs for particular purposes. 

An Approach to the Problems of Aircraft 
Interchangeability. H.C. Luttman. 
Log, Feb., 1955, pp. 18-27. Engineering 
drawing and design principles, fabrica. 
tional techniques, tolerance specifications, 
and other requirements. 

The Macro Etch System of Evaluating 
Quality of Resistance Welding. D. 0 
Samuelson and F. G. Harkins. Weldin 
J., Feb., 1955, pp. 105-111. 

Magnetic Particles, Penetrant and Re 
lated Inspection Methods As Production 
Tools For Process Control. Hamilton 
Miger. Steel Processing, Feb., 1955, pp 
86-91, 127. Review of nondestructive 
test techniques; applications. 

Production of an All Weather Long 
Range Jet Fighter. R. K. Anderson. 
CAI-IAS Internatl. Meeting, Montreal, 
Oct. 14-15, 1954, Paper. 12 pp. Analy- 
sis of industrial and production engineer- 
ing requirements covering prototype 
development and planning, fabricational 
design and techniques, quality control, and 
other factors in terms of operational speci- 
fications. 

Production Testing of Bonded Materials 
with Ultrasonics. Gordon B. Baumeister. 
ASTM Bul., Feb., 1955, pp. 50-538. In- 
spection and quality control processes to 
detect lack-of-bond areas as in engine 
parts. 


Tooling 


Aircraft Production Conference: Ma- 
chine-Tools for the Airframe. I—A Re 
view of Recent Developments in Routing 
and Power-Routing Machines. S. Rad- 
cliffe. Aircraft Eng., Feb., 1955, pp. 82- 
88. 

Skin - Milling; Heavy - Duty Router- 
Type Machine for Large Wing and Fuse- 
lage Skink-Panels. Aircraft Prod., Feb. 


1955, pp. 51-57. 


Welding 


Brazing Molybdenum for High-Tem- 
perature Service. M. I. Jacobson and D. 
C. Martin. Welding J. Res. Suppl. 
Feb., 1955, pp. 65-s-74-s. Investigation 
to develop techniques to increase ductility 
and strength. 

Fusion Welding of Aluminium Alloys. 
VII—Recording Porosity in Aluminium- 
Alloy Welds. P. T. Houldcroft and A. A. 
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The 
INSTITUTE of the AERONAUTICAL SCIENCES 


Announces 


Publication of the 


1955 EDITION 
of the 


AERONAUTICAL ENGINEERING 
CATALOG 


COMPLETELY REVISED AND STREAMLINED to include new items of equipment, new 
companies, and changes of address, the 1955 AERONAUTICAL ENGINEERING CATALOG 
is a complete self-contained informational service on aviation’s components manufac- 
turers and the products they are equipped to supply. Order your copy today. The 
supply is limited. 


FEATURES? 
eA MASTER FILE of company catalogs @ 25,000 MANUFACTURERS’ LISTINGS— 
covering a wide range of aircraft products. A complete guide to the vendors of over 2,000 


Page after page of specifications and technical 
data on the products of leading manufacturers 
of aircraft components. 

e NAMES, ADDRESSES, AND DESCRIP- 
TION OF PRODUCTS of all principal manu- 
facturers of aircraft and guided missile materi- 


aircraft and guided missile parts, materials, 
accessories, and equipment. Arranged alpha- 
betically by product. Completely cross-in- 
dexed. Reliable sources are screened carefully 


each year to insure accurate listing of every 


als, components, and equipment. Arranged known company supplying the aviation in- 
alphabetically by company name. dustry. 


ORDER YOUR COPY TODAY — THE SUPPLY IS LIMITED 


1.A.S. MEMBERS: One Copy Free of Charge on Request. (Please give grade of mem- 
bership, position, and company affiliation.) Additional Copies $7.50 Each. 


NONMEMBERS: $7.50 Per Copy Postpaid. (Check or Money Order must accompany 
order.) 


Compiled and Published Annually by: 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street New York 21, N.Y. 
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Smith. 
67-74. 
Mechanical Properties of Welded 356 
Aluminum Castings. Walter S. Tenner. 
Welding J., Feb., 1955, pp. 128-136. 

New Techniques in Inert-Gas-Shielded 
Metal-Arc Welding. R. W. Tuthill. 
Welding J., Feb., 1955, pp. 137-141. 

Properties of Welds in Al-Mg-Mn 
Alloys 5083 and 5086. L.A. Cook, S. L. 
Channon, and A. R. Hard. Welding J., 
Feb., 1955, pp. 112-127. 11 refs. Ex- 
perimental data on the mechanical, physi- 
cal, and welded characteristics as compared 
to the 2024, 5052, and 6061 alloys, includ- 
ing tensile, hardness, and bending quali- 
ties, from radiographic and metallographic 
analysis of typical specimens. 

Weldability of a C-Mn Steel Related to 
Properties of the Heat-Affected Zone. 
C. L. M. Cottrell. Brit. Welding J., 
Feb., 1955, pp. 75-80. 10 refs. 


Brit. Welding J., Feb., 1955, pp. 


Propellers 


A Note on the Circulation Function and 
the Induced Efficiency of an Eight-Bladed 
Propeller. S. Kumar and O. G. Tietjens. 
J. Indian Inst. Sct., Sect. B, Jan., 1955, pp. 
103-107. 

Propeller Design for High Performance 
Utility Aircraft. David Biermann. Aero 
Dig., Feb., 1955, pp. 30-32, 37. Evalua- 
tive appraisal of optimum specifications 
for overall efficiency taking into account 
aerodynamic, structural, noise, and vibra- 
tion factors. 


Reference Works 


Published Reports and Memoranda of 
the Aeronautical Research Council. Ct. 
Brit., ARC R&M 2550, 1954. 8 pp. 90 
refs. BIS, New York. $0.65. Covers 
R&M 2451-2550. 

The Structural Tail Load Problem— 
Theory, Tests and Criteria. R. K. Koe- 
gler. (IAS Preprint 407, 1953.) Cornell 
Aero. Lab. Rep. CAL-49, 1952. 117 refs. 
Detailed review of the literature on: the 
reliability of methods of calculating air- 
plane motions and tail loads; horizontal, 
vertical, and spanwise tail load distribu- 
tions; buffeting and fatigue considera- 
tions; and the effects of aeroelasticity and 
nonstationary flow. 


Rotating Wing Aircraft 
Aerodynamic Design of Helicopters. 


K.D. Woods. IAS 23rd Annual Meeting, 
New York, Jan. 24-27, 1955, Preprint 517. 
19 pp. 15 refs. Members, $0.50; non- 
members, $0.85. Design criteria; de- 
velopment of an integrated series of per- 
formance charts covering hovering, level 
flight, climb, glide, and landing without 
power. 

An Analysis of N.A.C.A. Helicopter Re- 
ports. R. N. Liptrot. Gt. Brit., ARC 
CP 183, 1954. 61 pp. 37 refs. BIS, 
New York. $1.40. Theoretical survey 
as compared with flight and model tests to 
derive empirical correcting factors for 
effective blade drag for tip speed ratio, 
compressibility, and stalling of the retreat- 
ing blade. 


Augmenting Helicopter Take-off Power 
by Ram-jets; An Account of Progress in 
the U.S.A. with Blade-tip Ram-jets of 
Compact Design. R. T. DeVault. Air- 
craft Eng., Feb., 1955, pp. 34-36. 15 refs. 

Helicopter Hermeneutics. III, IV— 
Definitions of Terms. J. Leason. J. 
SLAE, Jan., Feb., 1955, pp. 7-10; 10-13. 
Includes terminology of basic aerodynamic 
principles, design configurations, and 
operational features. 

The Kaman Hydra-Mechanical Clutch. 
W. N. Stone and N. R. Richmond. JAS 
23rd Annual Meeting, Los Angeles, Jan. 
24-27, 1955, Preprint 508. 7 pp. Mem- 
bers, $0.35; nonmembers, $0.75. Design 
and operational details of the clutch as 
applied to the HOK-1 helicopter. 

Coupled Bending and Torsional Defor- 
mations of Twisted Rotating Blades Under 
Arbitrary Loading. John C. Houbolt 
IAS 23rd Annual Meeting, New York, Jan. 
24-27, 1955, Preprint 539. 15 pp. 10 
refs. Members, $0.50; nonmembers, 
$0.85. 

Notes on the Effect of Extreme Operat- 
ing Conditions on Helicopter Blade Flap- 
ping. Robert J. Tapscott and F.B. Gustaf- 
son. IAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 546. 
14 pp. Members, $0.50; nonmembers, 
$0.85. 

Response Matrix Method of Rotor 
Blade Analysis. Alex Berman. JAS 23rd 
Annual Meeting, Los Angeles, Jan. 24-27, 
1955, Preprint 506. 15 pp. Members, 
$0.50; nonmembers, $0.85. Formulation 
of a technique to calculate the bending mo- 
ment, curvature, slope, deflection, rotating 
modes, and natural frequencies of the blade 
response for any loading and harmonic 
without repeating solutions of the differ- 
ential equation. 

A Review of Methods for Predicting 
Helicopter Longitudinal Response. Law- 
rence Kaufman and Kenneth Peress. 
IAS 23rd Annual Meeting, New York, 
Jan. 24-27, 1955, Preprint 516. 22 pp. 
Members, $0.65; nonmembers, $1.00. 

Stability of a Flexible Helicopter Rotor 
Blade in Forward Flight. Yechiel Shul- 
man. JAS 23rd Annual Meeting, New 
York, Jan. 24-27, 1955, Preprint 521. 11 
pp. Members, $0.35; nonmembers, 
$0.75. Development of a method to deter- 
mine the transient stability of the motion 
by means of the concept of Stability 
Number, with a formulation of the prob- 
lem for two degrees of freedom: rigid 
flapping and elastic bending. 


Safety 


Design Safety Aspects of the Boeing 707 
Jet Transport. E. W. Norris. JAS 
23rd Annual Meeting, New York, Jan. 
24-27, 1955, Preprint 526. 11 pp. Mem- 
bers, $0.35; nonmembers, $0.75. Review 
of the basic design safety philosophy as 
applied to the control, structural, and 
operational features of the Stratoliner. 

Escape from High-Speed Aircraft. 
Richard H. Frost. JAS 23rd Annual 
Meeting, New York, Jan. 24-27, 1955, Pre- 
print 532. 21 pp. Members, $0.35; 
nonmembers, $0.75. Developmental re- 
view of problems, systems, safety devices, 
and experimental studies. 


NEERING REVIEW—MAY, 


Reliability and Safety as Design Parag 
eters. William I. Stieglitz. JAS 29 
Annual Meeting, New York, Jan. 24-29% 
1955, Preprint 549. 15 pp. Membe 
$0.35; nonmembers, $0.75. Evaluatig, 
of the overall performance capabilities ¢ 
an aircraft in designing for safety. 


Space Travel 


On the Utility of an Artificial Unmanne 
Earth Satellite; A Proposal to the Natiog 
Science Foundation, Prepared by the ARS 
Space Flight Committee, November 
1954. Appendix A-—Astronomical Oh 
servations from a Satellite. IraS. Bowen 
Appendix B—Biological Experimentatig 
with an Unmanned Temporary Satellit 
Hermann J. Schaefer. Appendix C—Th 
Satellite Vehicle and Physics of 
Earth’s Upper Atmosphere. Homer E 
Newell, Jr. Appendix D—Comment 
Concerning Meteorological Interests in a 
Orbiting Unmanned Space Vehicle. Ey 
gene Bollay. Appendix E—The Geodetie 
Significance of an Artificial Satellite 
John O'Keefe. Appendix F—Orbital 
Radio Relays. John R. Pierce. Jet Prom 
pulsion, Feb., 1955, pp. 71-78. 


Structures 


Energy Theorems and Structural Anal" 
ysis; A Generalized Discourse with) 
Applications on Energy Principles of 
Structural Analysis Including the Effects 
of Temperature and Non-Linear Stress- 
Strain Relations. I—General Theory 
(continued). J. H. Argyris. Aircraft 
Eng., Feb., 1955, pp. 42-58. 18 refs. 

The Matric Solution of Certain Non- 
linear Problems in Structural Analysis, 
Paul H. Denke. JAS 23rd Annual Meet- 
ing, New York, Jan. 24-27, 1955, Preprint 
507. 9 pp. Members, $0.35; nonmem- 
bers, $0.75. i 


Bars & Rods 


Analysis of Framed Structures. Z.7 
Bazant. Appl. Mech. Rev., Mar., 1955, 
pp. 85, 86. 27 refs. Appraisal of the 
literature on structural systems of bars 
with rigid joints. 

Bending of a Curved Bar in Its Own 
Plane. D. Radenkovié. Quart. J. Mech. 
& Appl. Math., Dec., 1954, pp. 385-398. 
A formulation of the basic integral equa- 
tions of the problem through a lineariza- 
tion of the Kirchhoff-Clebsch equations of 
equilibrium with a suitable fictitious load- 
ing. 

The Torsion of a Rectangular Bar with 
One Cross-Section Remaining Plane. 
J. Nowitiski. Bul. Acad. Polonaise Sct. 
(Warsaw), No. 2, 1954, pp. 57-61. 


Beams & Columns 


Charts Speed Use of Parabolic Formula 
for Column Design. W. E. Stalhuth. 
Mach. Des., Feb., 1955, pp. 211-214. 

Elasto-Plastic Ending of Beams of 
Elastic Foundations. Paul Seide. [AS] 
23rd Annual Meeting, New York, Jan. 24- 
27, 1955, Preprint 540. 13 pp. Mem 4 
bers, $0.50; nonmembers, $0.85. 

The Flexural-Torsional Buckling of 
Members of Symmetrical I-Section Under = 
Combined Thrust and Unequal Terminal 
Moments. M. R. Horne. Quart. J. 
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Altitude is power in aerial warfare. Leading U.S 
fly higher, nourished by Lear-Romec fue! booster pumps 


These service-tested pumps deliver tons-per-hou 


of vapor-free fuel, even at stratospheric altitudes 


where fuel boils in the tanks. That’s quite a trick. 


MARTIN B-57B 


ine, high-altitude jets use Lear-Romec fuel booster pumps (available for both AC and DOC operation). 
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IS TO 
K-W 


the FIRST 
TRULY PANEL-SEALED 


MINIATURIZED TOGGLE SWITCH 


ile Based on entirely new design principles and built to 
AIRCRAFT FEATURES outperform... and outlast any conventional toggle 
switch—that's the rugged Hermetronic K-W. Be- 
CORROSION-PROOF cause it's miniaturized, it cuts Behind-Panel space 
EXPLOSION-PROOF by 50%. Authorized to replace Jan S-23, ST 42 
TEASE-PROOF and ST 52 types. Also available with screw-type, 
Rated at 10 amps—125 VAC DPDT, the Herme- 
tronic K-W features drastically different rivetless 
NO BULKY BOOT NEEDED construction. This and other patented developments 
—SEAL IS IN SWITCH eliminate corrosion, switch “bouncing” and “teasing” 


—mean long, trouble-free service. 


Inquiries on performance details—prices— 
and military authorization invited! 
GENERAL HERMETIC SEALING vatiey stream, New York 


| ENGINEERS 


GAS TURBINES 
for AIRCRAFT 


IVAN H. DRIGGS, Chief Scientist, U. S. Naval 
Air Development Center; OTIS E. LANCAS- 
TER, Assistant Director, Research Division, Bu- 
reau of Aeronautics, Department of the Navy 


RECENTLY PUBLISHED. This compre- 
hensive volume deals with fundamental 
principles of thermodynamics and flow 
phenomena and variations in power-plant 
characteristics which may be affected by 
changes in design parameters. Covers en- 
gine cycle analysis and gas flow through 
channels and ducts, touching upon many 
phenomena just now being understood. 
Contains an outline of a method for ob- 
taining the complete performance of a gas 
turbine. 

213 ills., 10 tables; 349 pp. $10.00 


The Dynamics and 
Thermodynamics of 
Compressible Fluid Flow 


ASCHER H.SHAPIRO, Massachusetts Institute 
of Technology. Covers virtually all aspects | 
of compressible fluid mechanics. All im- 
ange results reduced to chart form. 
ol. I: 635 élls., tables; 647 pp. VollIl: | 
560 ills., tables; 537 pp. $16.00 | 
Set $30.00 


© Order books direct from: 


Save your firm thousands of dollars in 
searching for data on ELECTRONIC 
TEST EQUIPMENT of interest to 
USAF 


By special permission 
data sheets on Re- 
search supported and 
monitored under our 
WADC, ARDC con- 
tract now available 
to 


Mmanutacturers at 


low cost 


@ Order your copy of a three volume 
set containing illustrated descrip- 
tive data sheets on 870 items 
procured for use by the U. S. Air 
Force 


Contains 2400 (8!/2 x 11”) pages 
recently brought 
mounted in 3 post expandable hard 
back binders. 


@ Price $100 per set plus postage 
while supply lasts. Orders ac- 
companied by check filled as re- 

1 with postage paid. 


eive 
ceived 


CARL L. FREDERICK 
AND ASSOCIATES 
Bethesda 14, Maryland 


THE RONALD PRESS COMPANY | 


15 East 26th St., New York 10 


Mech. & Appl. Math.,'Dec., 1954, pp. 410s 
426. 12 refs. 


Connections} 


Fatigue Strength of Butt Welds ig 
Structural Steels. L. A. Harris, G. E 
Nordmark, and N. M. Newmark. Weld 
ing J. Res. Suppl., Feb., 1955, pp. 83-5 
96-s. 

Filler-Metal Strengths in Brazed Copper 
Joints. W.H. Munse and D. C. Craw. 
ford. Welding J. Res. Suppl., Feb., 1958, 
pp. 105-s-1ll-s. 11 refs. Experimenta] 
tests to determine differences of strength 
at varying temperatures of joints made 
with six filler metals. 

Stress Distribution in Side Fillet 
Welded Plates. P. J. Palmer. Brit, 
Welding J., Feb., 1955, pp. 55-60. 


Cylinders & Shells 


The Effect of Uniformly Spaced Flexible 
Ribs on the Stresses due to Self-equilibrat- 
ing Systems Applied to Long Thin-walled 
Cylinders. E.H. Mansfield and M. Fine. 
Gt. Brit., ARC R&M 2832 (Aug., 1947), 
1954. 43 pp. BIS, New York. $2.85. 

The Flexural Axis of Thin-walled Sec- 
tions that have no Plane of Symmetry. 
D. Williams and B. V. S. C. Rae. Gt. 
Brit., ARC R&M 2939 (May, 1943), 1955. 
6 pp. BIS, New York. $0.50. 

Minimum Weight Design of Thin-walled 
Cells in Torsion. V. Cadambe and §. 
Krishnan. J. RAeS. Feb., 1955, pp. 
120-126. Derivation of expressions of 
optimum sectional dimensions of long 
thin-walled cells of circular, semi-circular, 
rectangular, and triangular shapes with 
uniform wall thickness. 

The Torsion of a Thin-Walled Conical 
Tube with a Longitudinal Slot. J. Nowin- 
ski. Bul. Acad. Polonaise Sci. (Warsaw), 
No. 2, 1954, pp. 63-67. 


Elasticity & Plasticity 


Ein neues Auswerteverfahren der 
ebenen Spannungsoptik. L.  Fdéppl. 
ZAMM, Dec., 1955, pp. 454-459. In 
German. Use of orthogonal lines of prin- 
cipal stress as coordinate lines to describe 
the plane state of stress, with a representa- 
tion using an analytic function of the con- 
ditions of equilibrium. 

On the Distribution Functions Charac- 
terizing the Mechanical Behaviours in the 
Linear and Non-linear Visco-elastic Bod- 
ies. Yoshikazu Sawaragi and Hideketsu 
Tokumaru. J. Japan Soc. Aero. Eng., 
Dec., 1954, pp. 317-322. In Japanese. 

Theory of Plasticity: A Survey of Re- 
cent Achievements. II. William Prager. 
(James Clayton Lecture to the IME, Jan. 
14, 1955.) The Engr., Jan. 28, 1955, pp. 
116-118. Abridged. Developmental 
study of problems, designs, and applica- 
tions, including aspects of limit and shake- 
down analyses, large plastic deformations 
as in metal-forming processes, and struc- 
tural stability. 

Uber einige Probleme der Elastizitits- 
theorie orthotroper Kérper. M. Soko- 
towski. Bul. Acad. Polonaise Sci. (War- 
saw), No. 4, 1954, pp. 163-168. In Ger- 
man. Application of the theory of elas- 
ticity to solve an orthotropic body prob- 
lem. 
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There’s ‘growing room’”’ for aeronautical 


This Boeing trans-sonic wind tunnel— 
most versatile privately owned one in the 
world—is soon to be supplemented by a 
supersonic tunnel with velocities up to 
Mach 4. It is one of many advanced 
facilities, built with an eye to the future, 
that help Boeing aeronautical engineers 
stay at the top of their field. 

At Boeing there is uncompromising 
emphasis on design quality. There is 
plenty of “growing room” in truly crea- 
tive jobs in aerodynamics, structures and 
dynamics. Boeing engineers now arc 
working at the frontiers of knowledge. 
If this challenge interests you, there’s a 
place for you on a Boeing “team” in de- 
sign, wind tunnel research, structural or 
fight testing, or other phases of devel- 
opment in Boeing's exciting future. 


As a result of long-range planning and 
solid growth, Boeing now employs nearly 
twice as many graduate engineers as at 
the peak of World War II. These mem- 
bers of aviation’s most respected design 
and research group developed the B-47 
and B-52 jet bombers, the IM-99 guided 
missile, and America’s first jet tanker- 
transport. New and widely diversified 
projects are under way: supersonic flight, 
research in rocket, ram jet and nuclear 
propulsion, guided missile control, and 
much more. 

Boeing engineers work with the most 
modern equipment, including electronic 
computers, chambers that simulate alti- 
tudes up to 100,000 feet, superb labora- 
tories, and the multi-million-dollar new 
Flight Test Center. 
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engineers at Boeing 


With these advantages of facilities and 
opportunity for advancement, you can be 
sure of individual recognition at Boeing. 
Your achievements as a member of a 
tightly knit design or project “team” are 
recognized by regular merit reviews, and 
by Boeing’s policy of promoting from 
within the organization. 


* JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. A-21, Seattle 14, Wash. 


* Please send further information for my analysis. 
| am interested in the advantages of a career 
* with Boeing. 


Name 


e University or 


college(s) Degree(s) __ Year(s) 

Address 

_Zone____ State 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 


— 
| 
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Plates 


Analysis of Behavior of Simply Sup- 
ported Flat Plates Compressed Beyond the 
Buckling Load into the Plastic Range. J. 
Mayers and Bernard Budiansky. U.S., 
NACA TN 3368, Feb., 1955. 44 pp. 21 
refs. 

Buckling and Vibration of Isosceles 
Triangular Plates having the Two Equal 
Edges Clamped and the Other Edge 
Simply-Supported. Hugh L. Cox and 
Bertram Klein. J. RAeS, Feb., 1955, 
pp. 151, 152. 

Certaines Solutions Particuliéres dans 
la théorie des plaques Orthotropes. J. 
Mossakowski. Bul. Acad. Polonaise Sci. 
(Warsaw), No. 4, 1954, pp. 159-162. In 
French. Development of an analytical 
method to solve a problem in the theory of 
orthotropic plates. 

Pltyty Kotowe o R6wnomiernej Wytrzy- 
matosci Przy Obcigzeniu Osiowo Symetry- 
cznym (Symmetrically Loaded Circular 
Plates of Uniform Strength). Zbigniew 
Brzoska. Arch. Budowy Maszyn (War- 
saw), No. 3, 1954, pp. 251-272. In 
Polish, with summaries in English and 
Russian. 

The Stability of Rectangular Plates with 
Ribs. W. Nowacki. Bul. Acad. Polo- 
naise Sct. (Warsaw), No. 2, 1954, pp. 85-90. 


Testing 


Design of Structural Models, with Ap- 
plication to Stiffened Panels Under Com- 
bined Shear and Compression. P. E. 
Sandorff. IAS 23rd Annual Meeting. 
New York, Jan. 24-27, 1955, Preprint 504, 


21 pp. 26 refs. Members, $0.65; non- 
members, $1.00. Development of 


practical simplifying methods for test 
specimens based on the principle of explor- 
ing a specific mode of failure instead of the 
customary indefinite investigation of 
structural behavior. 

Load Diffusion in Plastic Structures. 


L. M. Tucker and R. B. Twiss. Gt. Brit., 
ARC CP (Dec., 1952), 1955. 79 pp. 12 
refs. BIS, New York. $1.90. Theore- 


tical and experimental tests of the relative 
merits of resin-bonded shear joints as com- 
pared to pin joints and of most efficient 
distribution of materials, with an appraisal 
of related structural design problems and 
fabricational factors. 


Wings 
Balance-Method Applied to Swept-Wing 


Stress - Analysis. Luigi Broglio. JAS 
23rd Annual Meeting, New York, Jan. 
24-27, 1955, Preprint 542. 17pp. Mem- 
bers, $0.50; nonmembers, $0.85. USAF 


ARDC-sponsored experimental investiga- 
tion 


Thermodynamics 


Thermodynamical Properties of Air for 
Temperatures Between +75° and —170° 
C and Pressures Up to 1200 Atmospheres. 
A. Michels, T. Wassenaar, and G. J. 
Wolkers. Appl. Sci. Res., Sect. A, No. 
2-3, 1955, pp. 121-136. 


Combustion 


Chain Breaking and Branching in the 
Active - Particle Diffusion Concept of 


CYLINDER HEADS 
HYDRAULIC PRESSURES 
HIGH OCTANE FUELS 
AIR PRESSURES 
VACUUM CONNECTIONS 
VAPORS AND GASES 
OILS AND SOLVENTS 
STEAM CONNECTIONS 
CHEMICALS AND ACIDS 


Self Energizing Feature 


the resilience of the O-Ring. 


+ +» aS applied to Metallic O-Rings is United’s answer to 
the positive, permanent control of high pressures with a 
metal-to-metal static seal. Drilling holes through the I.D. 
wall of the O-Ring creates a unique method of venting 
the tube of the ring to allow the sealed pressures to enter 
the ring. A balance of pressure then exists within the 
O-Rings to prevent its collapse. An unbalance of pres- 
sure forces exists across the sealing surfaces to increase 


22 pages of engineering data—write for your copy today (on 
your company letterhead please) to Department F5 


1035, Dayton 1, Ohio 
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METALS 


- Steel-SAE 1020 (Not 
Recommended for Self- 
Energizing) (Special) 


2. Stainless Steel — Type 
321 (Standard) 


3. Al. Alloy 35 (Spec. 
WwW-T-788) (Special) 


4. Copper — Pure (Spec. 
WwW-T-797) (Special) 


Inconel (Special) 


FT PRODUCTS, INC. | 


1795 


Quenching. Frank E. Belles and A. |, 
Berlad. U.S., NACA TN 3409, Feb, 
1955. 37 pp. 19 refs. Analysis of the 
combustion phenomenon of the action of 
the walls on a flame to derive general 
quenching-distance equations as extensions 
of the original simple theory. 

Influence of Group VI Hydrides on 
Hydrocarbon Flame Speeds. Philip F 
Kurz. Ind. & Eng. Chem., Feb., 1955, 
pp. 297-302. USAF WADC Flight Re. 
search Lab.-sponsored investigation. 

A Shock-Tube Investigation of Detona. 
tive Combustion. Richard Boyd Mori. 
son. U. Mich. Eng. Res. Inst. Rep 
UMM-97, 1955. 121 pp. 25 refs. An. 
alysis of the theoretical processes, detona. 
tion velocities, and other aspects, with de. 
tails of the experimental equipment and 
instrumentation required. 

Temperature - Composition Limits of 
Spontaneous Explosion for Nine Alkylsi- 
lanes with Air at Atmospheric Pressure, 
Rose L. Schalla and Glen E. McDonald. 
U.S., NACA TN 3405, Feb., 1955. 13 pp 

A Thermal Equation for Flame Quench- 
ing. A. E. Potter, Jr., and A. L. Berlad 
U.S., NACA TN 3398, Feb., 1955. 18 
pp. 17 refs. Derivation of an approxi- 
mate equation for quenching distance 
based on a diffusional concept and ex- 
pressed in terms of the thermal conductivity, 
fuel mole fraction, heat capacity, rate of 
the rate-controlling chemical reactions, a 
constant that depends on the geometry of 
the quenching surface, and one empirical 
constant. 


Heat Transfer 


An Analysis of Turbulent Free-Convec- 
tion Heat-Transfer. F.J. Bayley. Char- 
tered Mech. Engr., Feb., 1955, pp. 106, 107. 
Abridged. 

Conduction of Fluctuating Heat Flow 
in a Wall Consisting of Many Layers. 
Vaclav Voditka. Appl. Sci. Res., Sect. A, 
No. 2-3, 1955, pp. 108-120 

Heat Waves in Multilayer Cylindrical 
Bodies. Vaclav Voditka. Appl. Sci. 
Res., Sect. A, No. 2-3, 1955, pp. 115-120. 

Kinetic Theory of Evaporation Rates of 
Liquids. Eric F. Lype. Trans. ASME, 
Feb., 1955, pp. 211-219; Discussion, pp. 
219-223. 30refs. Analytical heat-trans- 
fer calculations based on the Polanyi- 
Wigner theory of the escape of molecules 
from the surface of a solid body as extended 
by Volmer. 

Measured Effective Thermal Conductiv- 
ity of Uranium Oxide Powder in Various 
Gases and Gas Mixtures. J. S. Boegli 
and R. G. Deissler. U.S., NACA RM 
E54L10, Mar. 3, 1955. 20 pp. 

On the Start of Nucleation in Boiling 
Heat Transfer. R. H. Sabersky and C. 
W. Gates, Jr. Jet Propulsion, Feb., 
1955, pp. 67-70. 

Some Measurements of Boiling Burn- 
Out. Warren H. Lowdermilk and Walter 
F. Weiland. U.S., NACA RM E54K10, 
Feb. 23, 1955. 17 pp. Experimental in- 
vestigation of boiling burn-out heat flux 
for water flowing upward through an elec- 
trically heated tube of an open-cycle flow 
system for: velocity range of 0.1-19 ft. 
per sec.; pressure from atmospheric to 
2,000 Ib. per sq. in.; length-diameter 
ratios of 25, 37.5, and 50; and inlet sub- 
cooling between 0° and 400° F. 
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AERODYNAMIC 
ENGINEERS 


LONG RANGE GUIDED 
MISSILE PROGRAM 


Stability and control analyses on 
automatically controlled missiles. 
Complete dynamic studies of the 
controlled missile system. Flight 
trajectory and performance calcu- 
lations. Airloads and flight cri- 
teria. Aerodynamic heating prob- 
lems of high speed flight. 

North American facilities include 
supersonic wind tunnels. Con- 
struction will soon begin on a new 
7x 7 foot tri-sonic wind tunnel. 
Company engineers also conduct 
research and development at gov- 
ernment testing facilities through- 
out the country. 

For additional information, please 
forward resume to: 


MISSILE & CONTROL EQUIPMENT Dept. R 
Engineering Personnel 


NORTH AMERICAN AVIATION, INC. 
12214 Lakewood Blvd. 
Downey, California 


CALTECH 


Southern California 
Cooperative Wind Tunnel 


The Southern California Cooperative 
Wind Tunnel, owned jointly by five of 
the leading aircraft manufacturers and 
operated by the California Institute of 
Technology, has served the industry for 
ten years as a major test installation for 
the development of aircraft and missiles. 
This large, variable-density tunnel is now 
undergoing an $8,000,000 moderniza- 
tion program to provide the latest in 
facilities for testing at subsonic, transonic, 
and supersonic Mach numbers. 

Openings are now available for: 


TEST PROJECT AND 
AERODYNAMICS DEVELOPMENT 
ENGINEERS 
These positions involve work on a 
wide variety of aerodynamic problems 
associated with transonic and supersonic 
wind tunnel design and operation, and 
with wind tunnel test programs and data 
analysis. Openings are available for 
recent graduates as well as for men with 
advanced degrees and/or experience. 


COMPUTING ANALYSTS 

Positions require B.S. or higher degree 
in mathematics for work in setting up and 
coding problems for solution using the 
new ElectroData high-speed digital com- 
puter. 

For additional information please con- 
tact the Personnel Office. 


CALIFORNIA INSTITUTE 
OF TECHNOLOGY 


Pasadena, California 
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ELECTRONIC 
| ENGINEERS: 


 NIWESTINGHOUSE - 
AIR ARM... 

EVEN THE SKY IS” 
NOT THE LIMIT! 


There's engineering adventure at Westinghouse 
Air Arm. It's the unlimited type of opportunity 
that challenges the most creative abilities and 
stimulates the imagination. 


Your personal opportunity is unlimited at West- 
inghouse Air Arm, too. For income, working 
atmosphere, living conditions and employe 

| benefits, you won't find a better position any- 
where! There's a real future, too—because our 
business has a future and because our promotion 
and management development plan is progressive! 


; Openings exist for advanced development 
\ and design engineers in the fields of Radar, Fire 
Control, Missile Guidance, Computers, Autopilots, 
Bomber Defense, Field Service, Technical Writing. 


We urge you to contact us today! We will 
forward by return mail an illustrated brochure 
about our operations and your place in them. 
Confidential interviews for qualified applicants 
will be quickly arranged. 


TO APPLY- 


be ‘ Send letter outlining education and experience to— 


EMPLOYMENT SUPERVISOR, DEPT. 14] 
WESTINGHOUSE ELECTRIC CORPORATION 
2519 WILKENS AVENUE 

BALTIMORE 3, MARYLAND 


A 
— 
(i 
| | 
4 
| 
4 
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Uber thermische Effekte in Resonanz- The Design and Testing of Supersonic 


rohren (On Thermal Effects with Res- Flutter Models. John F. McCarthy, Jr., 
onance Tubes). Herbert Sprenger. and Robert L. Halfman. JAS 23rd 
ETH Inst. fiir Aerodynamik (Zurich), Annual Meeting, New York, Jan. 24-27, 
Mitteilungen 21, 1954, pp. 18-35. 11 refs. 1955, Preprint 513. 11 pp. Members, 
In German. $0.35; nonmembers, $0.75. Review of 
the construction and requirements of wind- 

tunnel models for simulating full-scale 

airplanes at 1.2-2.1 Mach Numbers, with 

Wind Tunnels & Research techniques of vibration, static, and flutter 
Facilities testing under varying flow parameters in 


the MIT Blowdown Wind Tunnel. 
Generalization of Gas-Flow-Interferom- 
An Angle-of-Attack and Angle-of-Yaw etry Theory and Interferogram Evalua- 


Indicator Using a Direct-Reading, Simple tion Equations for One-Dimensional Den- 
Strain-Gauge Circuit on Sting Balances. sity Field. Walton L. Howes and Donald 
Robert B. Ormsby, Jr. U.S., Navy Dept., R. Buchele. U.S., NACA TN 3340, Feb., 
David W. Taylor Model Basin, Rep. 885, 1955. 70 pp. 18 refs. Theoretical and 
Feb., 1954. 17 pp. Development for, experimental development of a research 
direct supersonic wind-tunnel measure- technique; applications. 

ments to replace pendulum devices that Some Measurements of Time and Space 
will not work in the yaw plane. Correlation in Wind Tunnel. A. Favre, 


J. Gaviglio, and R. Dumas. (La Re. 


cherche Aéronautique, Mar.-Apr., 1953, pp 
21-28.) U.S., NACA TM 1370, Feb, 
1955. 21 pp. 19 refs. Translation 
Spectral analyzers and measuring instru. 
ments for statistical correlation in longitu. 
dinal time and space of turbulent speeds 
applications include study of the case of a 
flat-plate boundary layer. 


Wind Tunnels, Miscellaneous; First 
Impressions of N.A.E., Bedford: Farn- 
borough Facilities Reviewed. Flight, Feb 
25, 1955, pp. 229-232, cutaway drawing. 
Descriptive details of layout designs, ap. 
paratus, and instrumentation. 


Evaluating Shock Mounts. J. P. Walsh 
and R.E. Blake. Mech. Eng., Mar., 1955, 
pp. 231-235. NRL experimental equip- 
ment and test procedures to study shock 
motions and spectra and vibrational fre- 
quencies. 


Now Auailalhle 


1955 (May 18-20, Chicago, Illinois) 272 pages 
1954 (May 24-96, Chicago, Illinois) 180 pages 
1953 (May 20-22, Chicago, Illinois) 230 pages 


Copies may be obtained by writing to: 


Publications Department 
Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, N.Y. 


Records of the National Telemetering Conferences 


Contains all papers presented at these meetings, complete with figures and illustrations. 


$3.50 
$2.00 
$2.00 
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Aeronautical Reviews 


Book Notes 


COMPUTERS 


Diagrams in Punched Card Computing. Fred 
Gruenberger. Madison, University of Wisconsin 
Press, 1954. 139 pp., illus., diagrs., figs. $3.75. 

The diagrams in this book show some of the 
things that can be done with basic equipment. 
Some of the panels and principles apply directly 
to routine work; others illustrate what might 
well be done. The text material is the outgrowth 
of a series of seminar talks by the author. 


ELECTRONICS & ELECTRICITY 


Transistors: Theory and Application. Abra- 
ham Coblenz and Harry L. Owens. New York, 
McGraw-Hill Book Company, [nc., 1955. 313 pp., 
illus., diagrs., figs. $6.00. 

The book covers the theory of transistors from 
the vantage point of the electronics technician or 
engineer and includes those aspects of transistor 
manufacture which have a bearing on transistor 
characteristics and applications. The theoretical 
matter is presented with a minimum of mathe- 
matics and with pronounced emphasis on the 
applications to working circuits. It is intended 
for technicians of all grades who are in the elec- 
tronics field and whose mathematical preparation 
may be limited. Mathematical analyses that 
were felt to be essential to a complete presenta- 
tion, such as those in Chapter 12, Cascading of 
Resistors, may be omitted, restricting the read- 
ing to the commentaries. Mr. Coblenz is with 
Transistor Products, Inc., and was formerly with 
the Signal Corps Engineering Laboratories where 
Owens is now associated. 

Contents: A Short History of Transistors. 
Holes and the Transistor. A Glimpse of Quan- 


tum Mechanics. The Electron. Nature of 
Semiconductors. Point Contact Transistors. 
Junction Transistors. Electronics of Transis- 
tors. Small-Signal Parameters. Grounded 


Emitter and Grounded Collector Connections. 
Theory of Transistor Switching Circuits. Cas- 
cading of Transistors. Manufacturing Proc- 
esses. Silicon. Special Topics. 

Transistor Audio Amplifiers. Richard F. 
Shea. New York, John Wiley & Sons, Inc., 
1955. 219 pp., diagrs., figs. $6.50. 

The primary purpose of this book is to provide 
the practical fundamentals of transistor applica- 
tions and to show how these fundamentals may 
be used in the construction of audio amplifiers. 
Employing only a minimum of mathematics, the 
author explains how the reader may (1) intelli- 
gently apply these principles in his designs, (2) 
avoid pitfalls, and (3) achieve the ultimate in 
performance from transistor devices. The treat- 
ment is general, and applicable to the great ma- 
jority of specifications that are available from 
transistor manufacturers. Data are presented 
on the variation of transistor parameters with 
operating point, with temperature, and between 
units. Also, the various methods of coupling 
transistor stages together are analyzed. A num- 
ber of examples are given of the design of ampli- 


fiers intended for a variety of applications, ranging 
from pre-amplifiers to relatively high-powered 
output amplifiers. 

The volume should provide the reader with the 
necessary tools whereby he can design an audio 
amplifier to meet the prerequisites of frequency 
response, signal-to-noise ratio, input power, and 
output power in such a manner as to ensure maxi- 
mum reproducibility, longest life, maximum 
freedom from the effects of temperature and 
humidity, and lowest cost. Mr. Shea is in 
charge of Research Liaison at the Laboratories 
Department of the General Electric Company. 

Guide to Transistor Literature, 1954. Richard 
L. Young, Jr., and Ralph Steffens of the Elec- 
tronics Department of The Martin Company. 
Baltimore, Presentations Section, Engineering 
Division of The Glenn L. 
1954. 54 pp. 

The transistor papers cited in this compilation 
number well over 400. These titles have seemed 
most pertinent to the work of the electronics en- 
gineer—for whom the bibliography is particularly 
intended. The entries have been classified under 
the following headings: Theory, Characteristics, 
Circuits, Types, Applications, Production & Test- 
ing, and General Information. 
has been included. 


Transistors and Their Applications; A Bibli- 
ography, 1948-1953. Compiled under the Di- 
rection of Alan R. Krull. Evanston, Techno- 
logical Institute Library of Northwestern Uni- 
versity, 1954. 77 pp. 

This bibliography contains over 800 references 
that have been compiled by students using the 
facilities of the Technological Institute Library. 
The references are arranged according to year 
and then alphabetically by author. 


Martin Company, 


A subject index 


Investigation of Electron Tube Reliability in 
Military Applications. Aeronautical Radio, Inc., 
Contract Administered by Department of the 
Navy, Bureau of Ships. Washington, D.C., 
Aeronautical Radio, Inc., 1954. 97 pp., diagrs., 
figs. $0.50. 

The report covers the period from April 4, 
1951, through March 31, 1954, and describes the 
scope of the ARINC surveillance program, the 
methods of tube collection and of engineering and 
statistical analysis, and the results of the program 


to date. It contains a discussion of the charac- 


For information on IAS | 
Library Service Facilities, 

see page 153. | 

| 

| 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 

| those of the Institute. 


OKS 


teristic defect patterns of tube returns from each 
of the eight military bases under surveillance and 
an analysis of each of the 20 individual tube types 
ranking highest in number of tubes returned. 
There is also an evaluation of tube weaknesses, 
supplemented by discussion of factors contribut- 
ing to tube unreliability, such as environment, 
operating procedures, misapplications, and main- 
tenance. Incorporated in the report are 65 tables, 
24 charts, and a statistical appendix. 

A Textbook of Radar; A Collective Work by 
the Staff of The Radiophysics Laboratory, 
C.S.1.R.O., Australia. Edited by E. G. Bowen. 
2nd Ed. New York, Cambridge University 
Press, 1954. 617 pp., illus., diagrs., figs. $8.50. 

In the first 512 pages all errors of the earlier 
edition have been corrected, and the references 
have been altered to cover published papers now 
readily obtainable. ‘The last section has been 
rewritten to bring the account up to date. It 
includes material on the application of radar to 
astronomy, radar aids to surveying and to marine 
and air navigation, and the application to meteor- 
ology. The bibliography has also been brought up 
The text book is suitable for graduate 
and research students and for engineers engaged in 
research and development in industry. 


New York, 
450 pp., diagrs., figs. 


to date. 


Noise. Aldert van der Ziel. 
Prentice-Hall, Inc., 1954. 
$10.35. 

This book is concerned with noise in electronic 
devices and reduces solutions to most noise prob- 
lems to an analysis of simple networks. The 
various sources of noise in tubes and circuits are 
analyzed in Chapters 2 and 5-10. Methods of 
characterizing the noise in circuits and in circuit 
elements are given in Chapter 3, and a discussion 
of noise measurements is provided in Chapter 4. 
Chapters 11~15 discuss those noise problems that 
demand a more elaborate mathematical treat- 
ment than is required in the first part of the book 
Chapter 11 deals with the laws of probability, 
statistics, and thermodynamics which are needed 
for problems in noise. Chapter 12 deals with 
the Fourier analysis of fluctuating quantities. 
Response of detector circuits to noise is treated in 
Chapter 13, and the laws of vacuum-tube elec- 
tronics and electron wave tubes are considered in 
Chapters 14 and 15 respectively. A discussion of 
noise in physical measurements appears in Chap- 
ter 16. It is not the purpose of the author to 
deal with those noise problems encountered in 
information theory. The author is Professor of 
Electrical Engineering, University of Minnesota. 

Magnetic Fields of Cylindrical Coils and An- 
nular Coils. Chester Snow. (National Bureau 
of Standards, Applied Mathematics Series No. 
38.) Washington, Superintendent of 
ments, 1953. 29 pp., diagrs., figs. $0.25. 


Docu- 


Mathematical formulas are developed in terms 
of complete elliptic integrals or of Legendre 
functions for the axial and radial components 
of the magnetic field produced by cylindrical 
coils carrying an electric current. Cases treated 
include cylindrical current sheet, circular current 
sheet (with circumferential flow of current), and 
multilayer solenoid. 

Advances in Electronics and Electron Physics, 
Vol. 6. Edited by L. Marton. New York 
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Academic Press Inc., 1954. 538 pp., 
diagrs., figs. $11.80. 

Contents: Metallic Conduction at High Fre- 
quencies and Low Temperatures, A. B. Pippard. 
Relaxation Processes in Ferromagnetism, Elihu 
Abrahams. Physical Properties of Ferrites, J. 
Smit and H. P. J. Wijn. Space Charge Limited 
Currents, Henry F. Ivey. A Comparison of 
Analogous Semiconductor and Gaseous Elec- 
tronics Devices, W. M. Webster. The Electron 
Microscope—A Review, M. E. Haine. 
ing-Wave Tubes, Rudolf G. E. Hutter. 
magnetism, J. Van den Handel. 
Subject Index. 

Electronics. Thomas B. Brown. 
John Wiley & Sons, Inc., 1954. 
diagrs., figs. $7.50. 

A textbook for students in science and engi- 
neering which presents fundamental concepts and 
principles with emphasis on the physical interpre- 
tations of the phenomena studied. 


illus., 


Travel- 
Para- 
Author Index. 


New York, 
545 pp., illus., 


Liberal use is 


made of grap! methods, and the many labora- 
tory experiments form an integral part of the 
book The 


needs of a basic course at George Washington 


lume has been written to meet the 


University for students of physics, engineering, 
and other sciences 

Magnetic Amplifiers. H. F. Storm. New 
York, John Wiley & Sons, Inc., 1955. 
$13.50 


This book by H. F. Storm and other specialists 


545 pp., 
illus., diagrs., figs 


at the General Electric Company offers a useful 
presentation of the theory of magnetic amplifiers, 
along with theoretical and practical data on core 
materials, coremaking techniques, and metallic 

Many practical applications are de- 
Written on the graduate level, this book 
is concerned mosly with single-phase amplifiers. 


rectifiers 


scribed 


The treatment begins with the simplest form—the 
ordinary saturable reactor. From this beginning 
the reader progresses to the higher forms of mag- 


netic amplifiers and finally arrives at the so-called 


PLUS... 


in PIASECKI"tandem transport-helicopters 


AND FOR ENGINEERS there’s a challenging job ahead in designing for 
both the military and commercial markets. 


Design Engineers @ Electrical @ Power Plant Installation 
Aerodynamics Engineers @ Instrumentation Engineers 
Test Engineers (Flight & Structures) @ Equipment 
Vibration Engineers e@ Stress Engineers 
Transmission @ Airframes 


Positions available at all levels of responsibility. 
Salaries commensurate with training and experience. | 


Send resume of your employment background to Frank Coe, Employment Manager | 


corporation 


wmclicopicr | 


MORTON, PENNSYLVANIA 


self-saturated magnetic amplifier, also known 
the amplistat or magamp. 

Although the theory of the magnetic amplifier 
is the focal point of the book, related fields vitally 
affecting the performance of magnetic amplifiers 
are also discussed. 


as 


This coverage includes: a 
modern theory of magnetism; characteristics of 
magnetic materials; magnetic testing; manufac- 
ture of saturable reactors; and properties of 
metallic rectifiers. Because of the close relation 
between magnetic amplifiers and a.c. saturating 
reactors, a complete chapter is given to peaking 
transformers, voltage stabilizers, nonlinear reso- 
nance circuits, and reactors for large mechanical 
rectifiers. The behavior of magnetic amplifiers is 
explained from fundamental physical principles, 
avoiding mathematical complexity. Magnetic 
amplifiers are also represented in servo-block dia- 
gram form, suitable for immediate integration into 
a servo system. The book also contains many 
significant references to domestic and foreign 
sources. 

Magnetic Amplifiers. George M. Ettinger. 
New York, John Wiley & Sons, Inc., 1953. 88 
pp., diagrs., figs. $1.50. 

This small monograph is intended to serve the 
engineer or physicist in selecting a suitable device 
and to provide a starting point for the research 
worker who aims to make further advances in the 
field. 

Contents: 1, Introduction 
tors. 3, Magnetic Amplifiers 


2, Saturable Reac- 
4, The Harmonic 
Type Magnetic Amplifier. 5, Ferro-Resonance. 
6, Time Lag and Transient Response. 7, Saturat- 
ing Core Elements for Computer Systems. 

Storage Batteries; A General Treatise on the 
Physics and Chemistry of Secondary Batteries 
and their Engineering Applications. George Wood 
Vinal. 4th Ed. New York, John Wiley & Sons, 
Inc., 1955. 446 pp., illus., diagrs., figs. $10. 

A thorough revision has been made to reflect 
the progress in the industry since 1940. Obsolete 
matter has been eliminated, and approximately 
half of the illustrations are new 
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Titanium in Industry; Technology of Struc- 
tural Titanium. Stanley Abkowitz, John J. 
Burke, and Ralph H. Hitz, Jr. New York, 
D. Van Nostrand Company, Inc., 1955 
$5.00. 

This survey of the status of titanium has been 
written to satisfy the demands of plant super- 
intendents, shop foremen, and those who work 
with titanium. 


224 Ppp., 


illus., diagrs., figs. 


It is intended also as a guide for 
the production and process engineer and as a 
reference work for the research metallurgist. The 
coverage has been confined to titanium as a pri- 
mary metal. Its use as an oxide or as an alloying 
element in other metals has been mentioned only 
where it adds to the completeness of the book. 
The various methods of obtaining the metal from 
its ores, and the physical, chemical, and mech- 
anical properties of titanium and its alloys are in- 
cluded. There are chapters covering alloying 
and heat treatment, hot and cold shaping, casting 
and powder metallurgy, and joining, machining, 
and grinding. Surface 
coatings, hardening, and cleaning are covered as 


properties, corrosion, 
well as analytic and metallographic techniques. 
The final chapter, Selection of Materials and 
Applications, encompasses the uses of titanium in 
the aircraft field. 
ends of chapters and a combined subject and 
author index have been included by the authors, 
all three of whom are associated with the Water- 
town Arsenal Laboratory. 

Titanium and Titanium Alloys. John L. 
York, Reinhold 
184 pp., diagrs., figs. $3.00 


Literature references at the 


Everhart. New 
Corp., 1954. 
The purpose of this book is to present a selective 


Publishing 


review of work on titanium alloys which has been 
published in scientific and technical literature and 
in business publications. This review has been 
supplemented with information obtained from the 
producers of the commercial materials. This 
volume is intended almost exclusively for the 
engineer or designer who is interested in the possi- 
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bilities of applying titanium to the solution of his 
problems. 

Contents: High Purity Titanium. Properties 
of Commercial Titanium. Properties of Com- 
Alloys. Heat 


Forming and Fabricating. Joining. 


mercial Titanium Treatment. 
Machining 
and Grinding. Cleaning and Finishing. Appli- 
cations Index 

Titanium in Iron and Steel. George F. Com- 
stock. New York, Published for The Engineer- 
ing Foundation by John Wiley & Sons, Inc., 1955. 
294 pp., illus., diagrs., figs. $6.00. 

Titanium in lron and Steel critically reviews and 
correlates the important data in world literature 
on titanium as an alloying element in iron and 
steel. Nearly 300 papers (listed in the bibliog- 
raphy at the end of the book) were reviewed for 
the manuscript Opening with a general discus- 
sion of titanium and its minerals—principal 
sources, concentration, preparation, etc.—the 
book goes on to examine the properties and effects 
of the element as an addition to cast iron and 
steel Its deoxidizing effects are discussed in 
full. Special emphasis is placed on titanium 
effects in stabilizing nitrogen and in fixing carbon 
in alloys where other carbides may be undesir- 
able, on its usefulness in steel that is to be 
enamelled, and in certain complex ferrous alloys 
for high-temperature application. The author is 
Consultant to the Titanium Alloy Division of the 
National Lead Company 

Adhesion and Adhesives; Fundamentals and 
Practice. Papers read at a Symposium Held at 
Case Institute of Technology in Cleveland, Ohio, 
and a Conference Held in London, England. 
New York, John Wiley & Sons, Inc.; London, 
Society of Chemical Industry, 1954. 229 pp., 
illus., diagrs., figs. $9.75. 

The papers contained in this volume are the 
contributions made to two conferences, one held 
in London, April 22-24, 1952, by the Society of 
Chemical Industry, and the other held in Cleve- 
land, April 24, 25, 1952, by Case Institute of 


BOOKS 


Technology. The symposium was sponsored by 
Case as part of a program initiated by the Air 
Research and Development Command of the 
United States Air Force for the Chemistry Group 
of the Fight Research Laboratory of the Wright 
Air Development Center under contract. 

Survey of Adhesion and 
Types of Bonds Involved, Frank W. Reinhart. 
On the Theory of Adhesion, S. J. Czyzak. Some 
Possible Surface Factors Involved in Joint 
Strength, D. D. Eley. Adhesion of Organic Sur- 
face Coatings, Henry Grinsfelder. Work of 
Adhesion at Solid-Solid Interfaces, Harold M. 
Scholberg and Marshall R. Hatfield. Surface 
Forces of Solids as Affected by the Polarization 
Properties of lons, W. A. Weyl. Energy of Adhe- 
sion, Molecular Forces and Adhesive Rupture, 


Partial contents: 


The Relation Between Friction 
and Adhesion, D. Tabor. The Wetting of Solids 
by the Process of Direct Contact, J. F. T. Blott, 
R. I. Hughes, and L. A. Werrett. The Adhesion 
of High Polymers to Cellulose—A Résumé, A. D. 
McLaren. The Development of a Characteristic 
Constant for the Determination of the Adhesive 
Properties of High Polymers, Otto F. Hecht, 
Harold W. Coles, and Margaret M. Keeler. The 
Part Played by Fluids in Adhesion, W. G. Camp- 
bell. Intermolecular Forces and the Strength in 
Adhesive Joints, Charles Kemball. The Mech- 
anism of Adhesion, J. J. Bikerman. Types and 
Uses of Adhesives, R. F. Blomquist. Adhesives 
for Glass, Luther L. Yeager. Selecting Glass Ad- 
hesives by Strength Testing, Frank Moser. 
Adhesion in Laminated Glass, Allan C. Waine. 
Behaviour of Adhesives in Strength Testing, 
G. W. Koehn. Pressure-Sensitive Adhesion, 
M. Gainsly and J. Daw. The Adhesion of 
Elastomeric Pressure-Sensitive Adhesives: Rate 
Processes, Willard M. Bright. . Aircraft Struc- 
tural Adhesives, T. J. Martin. Air Force Elas- 
tomer Adhesion Problems, J. H. Bernstein. 
Room-Temperature-Setting Adhesives for Metals 
and Plastics, H. A. Perry, Jr. A Review of Syn- 
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thetic Adhesives with a Section on Recent De- 
velopments, P. L. Bramwyche. The Adhesion of 
Metals, G. W. Rowe. Joining Aluminum: A 
Summary of Present Practice, E.G. West. Non- 
Destructive Testing of Adhesives by Ultra-Sonic 
Waves, Albert G. H. Dietz Microcalorimeter 
for the Measurement of Energies of Adhesion, 
Philip E. Berghausen. Comments on Adequacy 
and Limitations of Current Test Methods, Lucius 
Gilman. 


MATHEMATICS 


Higher Transcendental Functions, Vol. 3. 
Based, in Part, on Notes left by Harry Bateman, 
Late Professor of Mathematics, Theoretical 
Physics, and Aeronautics at the California Insti- 
tute of Technology, and Compiled by the Staff of 
the Bateman Manuscript Project. New York, 
McGraw-Hill Book Company, Inc., 1955. 292 
pp., diagrs., figs. $6.50. 

This is the third and final volume of the three- 
volume work of reference on advanced mathe- 
matics which aims at providing an extensive 
compilation of practically all the ‘‘special func- 
tions’’—solutions of a wide class of mathemati- 
cally and physically relevant functional equations— 
found to be most useful in pure and applied mathe- 
matics. This volume contains material on auto- 
morphic functions including elliptic modular 
functions; Lamé, Lamé-Wangerin, and Mathieu 
functions; spheroidal and ellipsoidal wave func- 
tions; functioning occurring in number theory; 
and some miscellaneous functions such as Mittar- 
Leffier’s function. There is also a chapter on 
generating functions with a list of those known. 

Lectures on Partial Differential Equations. 
I. G. Petrovsky. Translated from the Russian 
by A. Shenitzer. New York, Interscience Pub- 
lishers, Inc., 1954. 245 pp., diagrs., figs. $5.75. 

The original Russian text from which this trans- 
lation was prepared was completed in 1950 and 
grew out of a series of lectures given to students of 
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For research and testing on 
rockets, pulse jets, and turbo 
jets. 15 ranges, 0-10,000 P.S.I. 


Now, those engaged in research and 
testing of rockets, pulse jets and 
turbo jets can measure, record and 
control high pressures using a TELE- 
DYNE electrical pressure transmit- 
ter that is both ACCURATE and 
DURABLE. These features make the 
new Teledyne the most advanced 
piece of equipment of its kind avail- 
able: 15 ranges (0-10,000 PSI) for 
wide application. Bonded strain gage 
construction (insensitive to vibration 
or shock). High frequency response. 
Linear output over full pressure 
range. Easily disassembled for clean 
out and repairs. Insensitive to accel- 
erations in 2 horizontal planes and 
vertically less than .3% of full scale 
per “G’. Temperature compensated 
for zero shift and sensitivity change. 


CLIP THIS COUPON TO YOUR 
LETTERHEAD FOR LITERATURE 


CORPORATION 
111 Goundry St., N. Tonawanda, N. Y. 


SECTION 40 


Please send me illustrated literature on 
your new TELEDYNE. 
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mathematics at the Department of Mathematics 
and Mechanics of the Moscow State University. 
Contents I 
Equations If 
Elliptic Equations 


Introduction, Classification of 
Hyperbolic Equations. III, 
IV, Parabolic Equations. 

Theory of Functions of a Complex Variable» 
Vol. 2. C. Caratheodory. Translated by F- 
Steinhart New York, Chelsea Publishing Co., 
1954. 220 pp., diagrs., figs. $4.50 

The German edition from which this translation 
has been made was published in 1950 in Switzer 
land. In keeping with the character of the whole 
work, the second volume stresses the geometric 
point of view even more than does the first. The 
present volume contains parts 6 and 7 of the 
entire work rhe first of these two parts is de- 
voted to the foundations of geometric function 
theory, and its three chapters deal with bounded 
functions and with conformal mapping. The 
second part deals with the triangle functions and 
Piccard’s theorem 


POWER PLANTS 


1954 Aircraft Spark Plug and Ignition Confer- 
ence Report; Toledo, Ohio, October 5-7, 1954. 
Sponsored by Champion Spark Plug Co., Toledo, 
Ohio, 1954 190 pp., diagrs., figs. 

Among the topics discussed at the conference 
were spark plug fouling; effective fuels and lubri- 
cants on spark plugs; research and development; 
ignition analyzers; magnetos, harnesses, and 
leads; and jet ignition. The appendixes include 
a paper on ignition by J. G. Sharp and a paper by 
F. W. Lamb on ‘‘Postulated Mechanism of Spark 
Plug Fouling There is a detailed subject index. 

The Aircraft Magneto. Scintilla Magneto 
Division, Bendix Aviation Corp. 6th Ed. Sid- 
ney, N.Y., Scintilla Magneto Division, Bendix 
Aviation Corp., 1954. 61 pp., illus., diagrs., figs. 

The object of this booklet is to describe the 
fundamental operating theory of high-tension and 
low-tension ignition systems. 


SERVOMECHANISMS 
Servomechanism Practice. William R. 
Ahrendt New York, McGraw-Hill Book Com- 
pany, Inc., 1954. 349 pp., illus., diagrs., figs 
7.00 


This book developed from a need to supple- 
ment the theory in a college course on servome- 
chanisms with material on circuitry, electrical and 
mechanical components, and practical problems 
encountered servo design and manufacture. 
Actual design procedure used for servome- 
chanismsisdescribed. Particularly stressed are the 
departures from idealization of the various com- 
ponents and what can be done about them to 
Com- 
ponent values are given in the circuit diagrams, 
and tables « 


achieve the limit of their performance 


characteristics of typical com- 
ponents are also presented. Problems and ques- 
tions accompany each chapter. The author is 
President, Ahrendt Instrument Company, and 
Lecturer, University of Maryland. 


SOUND 


Sonics; Techniques for the Use of Sound and 
Ultrasound in Engineering and Science Theodor 
F. Hueter and Richard H. Bolt. New York, 
John Wiley & Sons, Inc., 1954. 


diagrs., figs. $10 


456 pp., illus., 


The name sonics is used to designate the analy- 
sis, testing, and processing of materials and prod- 
ucts by the use of mechanical vibratory energy 
The underlying physics is presented as simply as 
possible, with plausibility arguments frequently 
used in place of rigorous derivations. Wherever 
possible a discussion is concluded with simplified 
engineering formulas and practical instructions 
for their application. This book also takes ac- 
count of recent work done in England, Germany, 
and France. The authors are associated with the 
Massachusetts Institute of Technology 
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Airline Passenger Insurance 


Annual Policies 
from $5,000 to $100,000 


at new low rates 


No Physical Examination + No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $27.50 per year 


Backed by the 
Combined Assets of 


Aetna Casualty & Surety Co 


Policies cover 
passengers on 
scheduled airlines Americon Employers’ 
WORLD-WIDE 
American Surety Co. of N Y 
Century Indemnity Company 
The Employers’ Liability 
Assurance Corp., Ltd 
your Hartford Accident & 
Indemnity Co 


Weite or phone 


Insurance Agent 


Maryland Casualty Co 
Massachusetts Bonding & 
Insurance Co 


New Amsterdam Casvalty Co 
Standard Accident Insurance Co 


Travelers Insurance Co 
United States Casvalty Co 
United States Fidelity & 
Guoranty Co 


UNITED STATES AVIATION UNDERWRITERS 
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80 JOHN ST. « NEW YORK 38, N. Y. 
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LOS ANGELES - SAN FRANCISCO 


FIRE CONTROL ANALYSTS 
ELECTRICAL ENGINEERS 
PHYSICISTS 
TECHNICAL WRITERS 
CONTRACT ADMINISTRATORS 
MATHEMATICIANS 


If you have a background in elec- 
tronics, there is a good job waiting for 
you in the fastest growing firm in 
America’s fastest growing technologi- 
cal field. 


At Remington Rand’s ERA Di- 
vision you can participate in the 
further development of the famous 
ERA 1103 Computer, the new Univac 
File Computer, and special new de- 
velopments in data-handling, com- 
munications, and instrumentation. 


Pay, special benefits, and oppor- 
tunities for advancement are ex- 
cellent. 

Send a resume of your training 
and experience to: 


REMINGTON RAND INC. 


ENGINEERING RESEARCH 
ASSOCIATES DIVISION 


1902 W. Minnehaha Avenue 
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STRUCTURES 


Minimum Weight Analysis; A Literature Re- 


BOOKS 


Recorder for Dense Storage of Continuous Volt- 
ages, Gerhard L. Hollander. A System for Re- 
cording and Analyzing Aircraft Flight Data, 


203 


serve the requirements of the engineer. It 
covers the thermodynamic basis of fluid mechanics 
and aerodynamics and unifies the mechanical, 


view. Seorge Gerard. New York, Research R. E. Colander and David Evans. A Survey of chemical, and aerodynamic applications in a 
E Division, College of Engineering of New York Data Processing Equipment for PWM-FM Telem- manner that is up to date and directly applicable 
) University, 1954. 15 pp. . = etry, F. E. Bryan. to current engineering practice. A new type of 
nce A review of published literature on the saat float chart is introduced which, along with the 
mum weight analysis of aircraft structures subject THERMODYNAMICS convenience provided by the use of the Mach 
to buckling. The 44 references in the bibliog- Number, greatly facilitates the study of the 
) raphy are listed chronologically, but the contribu- Principles of Engineering Thermodynamics. thermodynamics of compressible flow. A fur- 
tions of the individual papers are discussed under Paul J. Keifer, Gilbert Ford Kinney, and Milton ther innovationis the development of simple but 
certain natural divisions of the overall subject. C. Stuart. 2nd Ed. New York, John Wiley & valid means for accounting for the variation of 
Limit The references cover the years from 1942 to 1954, Sons, Inc., 1954. 539 pp., diagrs., figs. $7 ibs the specific heats of gases with temperature. The 
although there is one reference to a publication This book has been completely revised since earlier material relating to the mass and energy 
issued in 1929. publication of the first edition in 1930. The accounting in combustion processes is now supple- 
emphasis is on the principles of engineering ther- mented by attention to the cause and conse- 
TELEMETERING modynamics, and it is endeavored to implant a quences of the chemical equilibrium encountered 
? _ recognition of both the ideal capabilities and the in combustion processes at elevated temperatures. 
National Telemetering Conference, 1954; The inherent limitations of power plants and similar The first two authors are Professors at the U.S. 
Complete Papers and Discussions of the Confer- equipment. The book provides a concise and 
ence Held at Chicago, May 24-26, 1954. Spon- effective presentation specifically designed to (Continued on page 206) 
sored by the Institute of Radio Engineers, the hte 
. Instrument Society of America, the Institute of 
5 of the Aeronautical Sciences, and the American 
y Co Institute of Electrical Engineers. New York, 
1955. 179 pp., illus., diagrs., figs. $2.00. Avail- 
NY able from the Institute of the Aeronautical 
pany Sciences, 2 East 64th Street, New York 21, N.Y., 
and also from the other sponsoring organizations. 
Contents: Telemetering Systems: An Ap E E oO 
proach to Microwave Telemetering, Robert G 
Rullman. An Eighteen-Band Research and De- of St.Louis 
3 velopment Type of Telemetering System for 
Guided-Missile Use, J. F. Koukol. A Transis- 
ous torized FM/FM Telemetering System, R. E. 
eee Colander and C. M. Kortman. Selective Tele- 
Co metering Application, Leonard G. Walker and 
Dayton N. MeMillan. Telemetering on the 
Itinois-Missouri Electric Power Pool, G. W. Fox, . 
D. F. Hazen, H. E. Stites, W. S. Bloor, and T. W. - ~ 
Hissey. Recorder Computing Techniques Used immediate Speier on the 
in the Measurement and Telemetering of Electric highest technical level for 
Power and Associated Quantities, W. E. Phillips. 
Telemetering Pickups and Components: Ap- STRESS ENGINEERS 
plication of Transistors to Telemetering Com- 
—— ponents,C.M.Kortman. A Crystal Control FM and 


Telemetry Transmitter, Foster N. Reynolds. A 
New Panoramic Instrument for Analyzing and 
Calibrating FM/FM_ Telemetering Systems, 
William I. L. Wu. New High Stability Com- 
ponent Configurations Solve Telemetering System 
Design Problems, L. A. G. ter Veen. The Mov 
able Core Transformer as a Pickup for Industrial 
Telemetering Systems, A. J. Hornfeck and L. M. 
Wermelskirchen. Performance and Application 
of a Low Noise RF Pre-Amplifier and Multi 
coupler for Radio Telemetry, Garth E. Bower 

Workshop Session: Classification of Tele- 
metering Systems, E. E. Lynch and W. J. Mayo 
Wells 

Remote Control-Digital: An Electronic Sys 


AIRCRAFT DESIGNERS 


(Structural and/or 


mechanical instrument work) 


where you’ll work 


@ We're a national leader in armament and 
commercial projects, particularly in research, 
design and development of airborne fire con- 
trol systems and guided missiles. 

@ We’re a medium-sized company (5000 em- 
ployees — 300 armament engineers) where 


lec- tem for Air Traffic Control Information (Ab you’re never “Jost in the shuffle” but 
for stract), R. M. Kalb. Some Fundamental Capa- rewarded and advanced according to your 
in bilities and Limitations of Sampled-Data Sys abilities. 
ogi- tems, William K. Linvill. Remote Shaft Posi- @ We're located in one of St. Louis’ nicer 
tioning Via Frequency Code Data Transmission suburbs, within 2 to 15 minutes of new resi- 
‘ dential areas with attractive, moderately- 
Systems, E. A. Ragland. Centralized Super- iced 
visory Control of Pipelines by Microwave Com- 
the munications, P. J. Brewster, E. P. Lounsberry, the benefits you’ll enjoy 
va and J. B. Williams. nee @ Graduate study program. 
d Remote _Control- Analogue Application of @ Profit-sharing bonus and pension plan. 
“4 Analogue Computers to Sampling Control Sys @ Accident, life and health insurance. 
2m- tems (Title Only), H. Meissenger and A. Karen. is f 
° Automatic Helicopter Positioning Through Past Send complete resume, including salary 
yor- and Future Gyropilot Control, Jens Grano. The requirements and phone number for local 
ex- Application of Raydist to Remote Helicopter interview. St. Louis interview arranged at 


Control, J. T. Bradbury and A. L. Comstock. A 
. Damper Stabilized Servo Data Repeater, John 
ung E. Ward. 

All Weather Flight Control: Telemetering and 
Control for Civil Air Transports, David S. Little 
Telemetering: The Missing Links in Today’s : 

Airway System, Arthur E. Jenks. Operational es 4 
Telemetering, an Aid to Air Navigation, M. V. EMERSON ELECTRIC 
Kiebert, Jr : of st. Louis 

Information Handling-Data Reduction: Prob- 8100 W. Florissant 
lems in Telemetry Data Reduction, D. Belloff . 

Cost Reduction in Data Reduction (Abstract), St. Louis 2l, Mo. 
D. B. Prell. Telemetering Data Handling at 
AFFTC. Jerome J. Dover. A _ Digital Data- 


our expense. Write Engineering Personnel 
Manager. 


Moving and Transportation Expenses Paid to St. Louis 


A 


THE WORLD’S LARGEST PRODUCER 
OF READY - TO - INSTALL POWER) 
PACKAGES FOR AIRPLANES 
INVITES YOU TO ENJOY YOUR [eee 
WORK AND YOUR LIFE IN| 


PHYSICISTS 


SOUTHERN CALIFORNIA 
We believe we can offer you an opportunity to improve How SYLVANIA 


your position in the business world — and improve your 


way of life here at Rohr Aircraft Corporation in beau- Can Help You 


tiful, temperate, exciting Southern California. To 


strengthen our personnel in various departments, Rohr in the Missiles Field 


has a real opportunity for you if you are skilled as an — 


ENGINEER (Aircraft Design or Structures ) LOFTSMAN thru its Stability 


JIG & FIXTURE BUILDER TOOL PLANNER TOOL DESIGNER 


Please write giving complete details and Diversity 


and we will answer immediately. 

Mr. Ned DeWitt, Personne! Department 35 Sylvania has established a Missile 
Rohr Aircraft Corporation Systems Laboratory. New oc smog 
Chula Vista, California facilities are nearing completion. 


This 54 year old company, renowned 
‘uygecaet ap amemmetes 9 miles south of San Diego on sunny San Diego Bay. for its consumer products, and 
supplying vital “heart” parts to 
other manufacturers, now brings 
its research, know-how, stability and 
diversity to the guided missiles field. 
| Behind this important new Sylvania 
HEAT & VENT | ENGINEERS laboratory stands the versatility, 


drive and dedication that has seen 


The APPLIED PHYSICS Sylvania expand to 45 plants and 
|| LABORATORY OF THE 
RESEARCH JOHNS HOPKINS UNIVER- diag 


SITY offers an exceptional 


opportunity for professional | | Penmenent portions 
‘ai : are now open in these fields: 
advancement in a well-estab- 


lished laboratory with a repu- | | ANALYSIS & DESIGN OF 
| tation for the encouragement SEARCH RADAR SYSTEMS 

:  sndividual res ANTENNA THEORY & DESIGN 

B.S. degree in Mechanical or of individual responsibility and 
eer : self-direction. Our program of ANALYSIS OF MISSILE 

Aero Engineering or equiva- GUIDANCE SYSTEMS 
lent, preferably with major GUIDED MISSILE MATEEMATICAL ANALYSIS 6 

eae J . | RESEARCH AND DEVELOPMENT SYSTEM DESIGN OF FIRE CONTROL 
courses in Fluid Mechanics, & COMPUTER EQUIPMENT 
Thermodynamics and Heat provides such an opportunity INERTIAL GUIDANCE OR 

tae alified in: INFRA-RED FOR DETECTION 
Transfer. Background should or men qualined in: & TRACKING 
include 2 years of laboratory SUPERSONIC MISSILE DESIGN SERVO SYSTEM 
‘ DESIGN & ANALYSIS 
work involving fluid flow test- WIND TUNNEL TESTS AND | AERODYN 
ing with emphasis on high RAMJET DESIGN AND ANALYSIS |] eemee 
pressure and temperature in- MISSILE SYSTEMS DEVELOPMENT a” MISSILE 
strumentation. FLIGHT TESTING 
Relocation and interview expenses will be paid. 
Please send your resume to Please forward resume to: 
Write or Apply Mr. Robert Koller 

Engineering Personas] OBice Dept. R Professional Staff Appointments | Supervisor of Professional Placement 


NORTH AMERICAN AVIATION | Pies |) SVEVANIA 


THE JOHNS HOPKINS UNIVERSITY 
16, Ohio Avenue ELECTRIC PRODUCTS INC. 


Silver Spring, Maryland | 151 Needham Street, Newton, Massachusetts 
| (A suburban location just 8 miles from downtown Boston) 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
* organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Preliminary Design Engineers—Foremost de- 
veloper of emergency escape equipment has im- 
mediate need for preliminary design engineers, 
both structural and mechanical. Unlimited op- 
portunities with young expanding organization. 
B.S. degree and minimum of 8 years’ aircraft ex- 
perience desired. Send résumé to: Administra- 
tive Engineer, Stanley Aviation Corporation, 
2500 Dallas St., Denver 8, Colo 

Research Engineers—Aeroelastic and Struc- 
tures Research Laboratory, Massachusetts In- 
stitute of Technology, offers staff positions to Re- 
search Engineers in the fields of aeroelasticity, 
structures, aerodynamics, plasticity, and thermo- 
elasticity. Graduate study and research can be 
combined at salaries commensurate with experi- 
ence. Send résumé to: Aeroelastic and Struc- 
tures Research Laboratory, M.1.T., Cambridge 
39, Mass. 

Engineers and Scientists—Guided Missiles 
Division, Republic Aviation Corporation located 
at Hicksville, Long Island, New York. Openings 
exist for men (or women) with experience in the 
field of guided missiles and aircraft for design of 
air-borne instruments and analyses of control 
systems utilizing advanced mathematical, simula- 
tion and/or analog computer techniques. Posi- 
tions also available in preliminary design and de- 
velopment work to assist in the preparation of 
weapons systems proposals. Address résumé to: 
R. Reissig, Administrative Engineer. 

Engineers—Fairchild Engine Division of the 
Fairchild Engine and Airplane Corporation, 
Farmingdale, Long Island, New York. Diver- 
sified engineering positions are available involving 
engine design, covering both full scale and com- 
ponents, stress and vibration analysis, test en- 
gineering, field engineering, and other engineering 
operations associated with the general field of de- 
sign and development of gas-turbine power plants. 
Send résumé to: Felix Gardner, Fairchild Engine 
Division, Farmingdale, Long Island, N.Y. 

Assistant Professor—To teach dynamics, fluid 
mechanics, vibrations, and engineering analysis. 
At least a Master’s degree and some industrial 
experience preferred. Apply to: Louis Slegel, 
Department of Mechanical Engineering, Oregon 
State College, Corvallis, Ore. 

Engineers—Bendix Products Division at 
South Bend, Indiana, pioneer and leader in the 
research, design, development, and production of 
aircraft jet-engine control and landing gear sys- 
tems, has continuing opportunity in a variety of 
assignments on interesting, long-range projects. 
Engineers needed in this organization, with a 
growth tradition, who have 2 to 5 years of experi- 
ence in hydraulics, propulsion systems, servo- 
mechanisms, electromechanical design, aircraft 
controls, fluid mechanics, computers, fuel control 
systems, and liquid propellants. Many other 
engineering opportunities for Aeronautical, Me- 
chanical and Electrical Engineers. Please send 
résumé outlining education, experience, and 
salary level to: Technical Placement, Employ- 
ment Department, Bendix Products Division, 
Bendix Aviation Corporation, South Bend 20, 
Ind. 

Engineers—Aeronautical Structural Engineer— 
GS-13, $8,360 per annum. Responsible for the 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


technical and administrative supervision of the 
test and evaluation of guided-missile structures 
and determination of weapons system lethality 
Aeronautical Structural Engineer—GS-12, $7,040 
per annum. Investigates and analyzes the 
structural characteristics of guided-missile air 
frames in the fields of vibration, flutter, and struc- 
tural dynamics. Electronic Engineer—GS-9, 
$5,060 per annum. Develops electronic circuitry 
for internal instrumentation and telemetry sys- 
tems utilized in the test and evaluation of guided 
missiles. Mathematician—GS-9, $5,060 per an- 
num, Provides mathematical assistance in the 
solutions of problems in structural dynamics and 
lethality of guided-missile weapons systems. Ap- 
plications may be submitted on Standard Form 
57, Application for Federal Employment, to the 
Commander, U.S. Naval Air Missile Test Center, 
Point Mugu, Port Hueneme, Calif 

Engineers—-Gas Turbine and Afterburner En- 
gineers—Solar Aircraft Company in San Diego, 
California, has several immediate openings which 
represent outstanding opportunities for qualified 
engineers. The company has been designing, 
developing, and producing afterburners and small 
gas turbine engines for several years and recently 
has received new contracts—both for new develop- 
ment and production—which make necessary 
considerable expansion of the engineering staff. 
Needed are experienced Mechanical Design En- 
gineers, for designing complete engines and com- 
ponents, Experimental Engineers, capable of 
directing development testing programs, Jet 
Engine Analysts, with thermo- and/or aerody- 
namic backgrounds for analyzing engine cycles and 
performance in various flight regimes, and Elec- 
tro-Mechanical Engineers, with experience in 
hydraulic, pneumatic and electrical fields to do de- 
sign work on gas turbine and afterburner controls. 
Send résumé of experience to: P. M. Klauber, 
Chief Administrative Engineer, Solar Aircraft 
Company, San Diego 12, Calif. 

Hydraulics Engineer—Flight Refueling, Inc., 
a progressive and expanding company specializing 
in the pressure fuel systems field, needs a me- 
chanical or aeronautical engineer with several 
years’ experience in design and/or applications of 
hydraulic power components, and good overall 
knowledge of aircraft systems. Will function asa 
specialist, working on both research and develop- 
ment and project assignments. Apply by letter, 
to Employment Section, Flight Refueling, Inc., 
Box 1701, Baltimore 3, Md. 

Fuel Systems Engineer—Flight Refueling, Inc., 
a progressive and expanding company specializing 
in the pressure fuel systems field, needs a mechani- 
cal or aeronautical engineer with equivalent of 5 
years’ experience in design and/or utilization of 
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fuel flow components in power plant fuel systems 
of military aircraft. Position requires engineer- 
ing of changes in existing fuel systems and design 
of proposed systems for accomodation of ground 
and air refueling equipment. Will function as a 
specialist, working on both research and develop- 
ment and project assignments. Apply by letter, 
to Employment Section, Flight Refueling, Inc., 
Box 1701, Baltimore 3, Md. 

669. Associate Professor—<Associate Profes- 
sorship at an eastern university in the field of 
aeronautical engineering, position involves both 
graduate and undergraduate instruction with a 
leading part being taken in the development of the 
graduate program. Doctor’s degree preferred 
but will consider less if industrial experience off- 
sets lack of the degree. Large off-campus gradu- 
ate program now under way and in-residence pro- 
gram being developed. 

665. Engineering Executive—Long_ estab- 
lished Management Consulting firm offers an un- 
usual opportunity for graduate aeronautical or 
mechanical engineers between 28 and 38 years old, 
with experience in the following: research and 
development, product design, process engineering, 
methods engineering, tool design, and plant en- 
gineering. Enclose résumé of education and ex- 
perience with reply. 


Available 


672. Professor—Ph.D. from leading univer- 
sity with 17 years of teaching and industrial ex- 
perience. Also, as consultant in fluid mechanics. 
Extensive research in fundamental aerodynamics. 
Seeks position with university or college. Re- 
search desirable but not essential. Location: 
New England, New York, Pennsylvania, Indiana, 
Wisconsin, Minnesota, Utah, Wyoming, Colo- 
rado, Montana, California, Oregon, or Wash- 
ington. 

671. Aeronautical Engineer—M.S. and Ph.D. 
Two and a half years in fluid dynamics research. 
Three years’ teaching in a major university. De- 
sires position in teaching or research. Complete 
résumé on request. Please indicate nature and 
salary range of positions available. 

670. Assistant or Chief Engineer, Develop- 
ment, or Research—M.S.M.E. Development, 
design, research in mechanical products and as- 
sociated equipment, particularly rotating ma- 
chinery and facilities. Includes ordnance, mod- 
ern power plants, plant engineering. Organiza- 
tion and management skills. Twenty years’ 
experience, seven at executive levels. 

664. Representative—Executive—B.A. and 
M.B.A. degrees; 14 years’ aircraft experience 
(sales service and production) Government buyer 
aircraft equipment. Field and factory repre- 
sentative. Automotive staff experience. De- 
sires association with aviation division of com- 
mercial equipment firm. Midwest or Southwest 
preferred. Opportunity important. Brochure 
available. 

663. Executive—Guided-missiles field; West 
Coast. Has worked for many years for large 
leading aircraft companies. Has broad experi- 
ence in design (and preliminary design), manu- 
facturing, and flight testing of all types of guided 
missiles. Ph.D. with excellent theoretical back- 
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AERONAUTICAL E 


TO THE FINE ENGINEERING MIND 
SEEKING THE CHALLENGING PROJECTS IN 


THERMODYNAMICS 


THERMODYNAMICS ENGINEERS are offered unusual career opportunities now at Convair 
in cool, beautiful San Diego, California, in these classifications: Thermodynamics Engi- 
neers for analyses of aerodynamic heating of supersonic and hypersonic missiles and 
aircraft, and for analysis of jet engine air induction, exit, and net installed thrust 
systems; Propulsion Engineers for analyses of turbo rocket propulsion systems, gas 
pressurization systems and propellant feed systems; Engineers and Physicists for analy- 
ses of transient heat conduction problems and thermal and structural properties of 
materials at high temperatures;. Engineers for analyses and development of internal 
cooling systems for prime movers, accessory power drives and electronic equipment; 
for development of cabin heating, ventilating, pressurization systems; and for analysis 
and development of systems leading to the ‘all-weather’ capabilities of inclement 
weather flight, and ground support systems for arctic and desert climatic extremes; 
Engineers familiar with nuclear power generation and application are needed for 
future development. 
CONVAIR offers you an imaginative, explorative, energetic engineering department... 
truly the “engineer's” engineering department to challenge your mind, your skills, 
your abilities in solving the complex problems of vital, new, long-range programs. 
You will find salaries, facilities, engineering policies, educational opportunities and 
personal advantages excellent. 
SMOG-FREE SAN DIEGO, lovely, cool city on the coast of Southern California, offers you 
and your family a wonderful, new way of life...a way of life judged by most as the 
Nation’s finest for climate, natura! beauty and easy (indoor-outdoor) living. Housing 
is plentiful and reasonable. 
Generous travel allowances to engineers who are accepted. Write at once enclos- 
ing full resume to: 

H. T. Brooks, Engineering Personnel, Dept. 505 


ONVAIR 


A Division of General Dynamics Corporation 
3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 


ground and long experience in the fields of system 
analysis, stability, control, fire control, guidance, 
autopilots, servomechanism analysis, super and 
hypersonic aerodynamics, advanced methods of 
flight testing, instrumentation and related sub- 
jects. Interested only in a key position. Please 
do not send application blank. 

662. Research Engineer—D.Sci.; 4 years’ 
experience in theoretical and experimental re- 
search in elasticity and aircraft structures. 
Strong background in applied mathematics. De- 
sires position to supervise and perform theoretical 
research in the fields of applied mechanics and 
mathematics in New York City area. 

660. Engineering Supervisor (Canadian)— 
15 years’ responsible engineering experience air- 
craft manufacture and air lines. For last 4 
years supervisor of engineering for major military 
aircraft repair contractor repairing all types, in- 
cluding jets and helicopters. Wide acquaintance 
Canadian Air Force and naval aircircles. Desires 
senior sales and/or service representative position 
with established concern. Location preferred: 
Canada or South and Western United States 


Books 


(Continued from page 203 


Naval Postgraduate School; Professor Stuart is 
at Lehigh University. 

Contents: 1, Energy in Transition. 2, Stored 
Energy. 3, Energy Equations. 4, Reversible 
Processes and Cycles. 5, The Carnot Principle. 
6, The Absolute Temperature Scale. 7, Entropy. 
8, Properties and Property Relations; Solid, 
Liquid, and Vapor States. 9, Properties and 
Property Relations; Ideal Gases. 10, Property 
and Property Relations; Low-Pressure Gas and 
Gas-Vapor Mixtures 11, Thermodynamic Prop- 
erties; Non-Ideal Gases and Vapors. 12, Thermo- 
dynamics of Combustion. 13, Power-Generation 
Cycles; Condensing Fluids. 14, Power-Genera- 
tion Cycles; Non-Condensing Fluids. 15, Heat- 
Pump and Refrigeration Cycles. 16, Flow of 
Compressible Fluids. 17, Dynamic Forces. 


VIBRATION 


Vibration Problems in Engineering. ‘S. Timo- 
shenko. 3rd Ed. New York, D. Van Nostrand 
Company, Inc., 1955. 468 pp., diagrs., figs. 
$8.75. 

This new edition reflects the latest information 
onthesubject. There are many new methods and 
greatly expanded material on nonlinear vibration, 
and new topics such as combined bending and 
torsional vibration of beams are included in an 
enlarged chapter on vibrations of elastic bodies. 
A considerable number of completely solved ex- 
amples and numerous new problems have been 
added, and the use of Lagrangian equations has 
been dropped in favor of the more familiar 
d'Alembert's principle. 


YEARBOOKS 


Bulletin de L’Association Technique, Maritime 
et Aéronautique; No.53,Sessionde 1954. Paris, 
Association Technique Maritime et Aéronautique, 
1954. 736 pp. illus., diagrs., figs. 

This volume contains 29 papers that were pre- 
sented before the Association during the past 
year; some of aeronautical interest are listed 
below. 

Conceptions et Possibilités du S.E. 5.000 
Baroudeur, J. Dor. Systemes Vibratoires Com- 
portant des Amortissements Visqueux Multiples. 
Applications aux Vibrations de Torsion des Lignes 
d’Arbres, A. Giraudeau. Le Porte-Avions en 
1954, P. Barjot. Quelques Propriétés des Servo- 
Mécanisms Non-Linéaires Filtrés, G. Cahen. 
Note sur les Ecoulements Plans Transsoniques; 
Généralisation du Nombre de Mach, R. Marchal 
et P. Servanty. Etude des Contraintes aux 
Congés de Raccordement de Tétes de Boulon 
Soumises a un Effort de Traction, J. Aubaud. 
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